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Abstract 
 
The molybdenum leach plant at Teck Highland Valley Copper Partnership leaches 
copper minerals out of the molybdenum concentrate in order to produce a saleable 
product.  The plant is in need of capital investment to continue operating safely for the 
remainder of mine life.  Management has initiated a technical investigation into the 
feasibility of installing additional flotation capacity in order to produce a saleable grade 
of molybdenum concentrate without leaching.   
This project will review the market dynamics regarding molybdenum concentrate 
and the financial implications of three options: the base case of minimal investment to 
upgrade the existing leach plant, invest in flotation and discontinue leaching, or upgrade 
and expand the leach plant to become a toll leacher.  Given the market conditions and the 
potential for additional revenue, the last option is the most attractive.  
 
 
 
 
Keywords:  Molybdenum Leaching; Highland Valley Copper; Teck Resources Ltd.  
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Executive Summary 
 
The leach plant at Teck Highland Valley Copper Partnership is in need of capital 
investment to continue operating safely for the remainder of mine life.  An engineering 
study done on the leach plant in 2010 suggests that approximately $14 million is 
necessary to upgrade the plant to current structural and health and safety standards. Faced 
with increased maintenance costs and significant capital cost requirements to operate the 
leaching facility, management is interested in a review of alternatives for the leach plant. 
This paper explores three scenarios: 
1. Base Case – spend $14 million, continue operation as usual 
2. Option 1 – eliminate leach plant, invest in additional flotation equipment to 
improve flotation concentrate grade, but sell lower quality product than 
leached concentrate  
3. Option 2 – invest in expansion of the leach plant in order to become a toll 
leacher 
Given a capital cost of $14 million, the expected operating costs, and using a 
discount rate of 11%, the leaching operation under the base case has an NPV of  
$528 million on a before tax basis. This value is used as the base case to provide a break-
even analysis for the two other options.  
For Option 1, eliminating the leach plant, the break-even analysis suggests that if 
the penalty cost per pound of metal is expected to be higher than 80 cents per pound, then 
further investigation into this option is not warranted.  Further investigation is also not 
warranted if the expected capital cost to upgrade the flotation equipment in order to 
produce the target grade for flotation concentrate is greater than $30 million. A review of 
the molybdenum concentrates and roasting markets suggests that global roasting capacity 
could be limited in the next 5 to 10 years.  In the event that roasting capacity is limited, 
product quality will become a competitive advantage. Therefore eliminating the leach 
plant entirely and producing a reduced quality concentrate is not advised. 
 v 
Option 2 involves toll leaching molybdenum floatation concentrates from other 
mines, whether they are from other Teck mines or external clients. The leach plant is not 
forecasted to run at full capacity for the remainder of the mine life. This toll leaching 
option involves accepting molybdenum concentrate from other Teck operations or from 
other external clients in order to run the leach plant at full capacity. Teck Highland 
Valley Copper Partnership would collect a treatment charge to recover the costs of 
processing this material and to generate additional revenue. A study by Sacre-Davey 
Engineering Ltd. suggests that current capacity is 7.2 million pounds of molybdenum 
annually. The analysis also looked at expansion levels to 10.7 and 14.16 million pounds 
annually.  
The break-even analysis explores capital costs and treatment charges that would 
make the toll leaching option attractive against the base case.  For example, if the leach 
plant capacity remained at current capacity of 7.2 million pounds annually, then a 
treatment charge of 60 cents per pound or higher would be required for any additional 
material beyond Highland Valley Copper’s planned production. If additional capital was 
required for material handling equipment to manage the external concentrates, then the 
treatment charge increases proportionally with the cost of upgrades. For example, if it 
were necessary to spend $30 million to accommodate additional material to run the plant 
consistently at an output level of 7.2 million pounds annually, then the treatment charge 
would need to be increased to one dollar per pound.  
The molybdenum production forecast for the period of 2013 to 2016 suggests that 
the leach plant capacity will be severely underutilized. This presents an opportunity to 
generate additional revenue through toll leaching. The next steps towards implementation 
of Option 2 are to: communicate the opportunity through the metric of process capacity 
utilization, form a group to further evaluate the opportunity and to identify sources of 
material, run a pilot trial of external material in the leach plant, create a vision for the 
leach plant that can be easily understood, and proceed to construction and implementation 
of the toll leaching vision. 
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1 Introduction 
Highland Valley Copper is a low grade copper mine in south central British 
Columbia which produces molybdenum concentrate as a by-product of copper mining. 
Various mining and processing activities have been ongoing in the region since the 
Lornex mine began in 1972.  The current processing facility, including the molybdenum 
leaching facility, was assembled in the 1980s.  Due to the age of much of the equipment 
maintenance costs are increasing, and health and safety standards have changed since the 
original construction of the leaching facility.  These problems, and discussions regarding 
an opportunity to eliminate the leach plant, have led management to question the 
appropriate direction for the molybdenum leaching facility. Through a market analysis 
and preliminary evaluation of some of the options for expansion or elimination of the 
leach plant, this paper aims to provide direction for Teck Highland Valley Copper 
Partnership’s management regarding the leach plant. 
To attain the aims of the paper, the arguments are structured as follows. In 
Chapter 1, background regarding the metal molybdenum and how Teck Resources Ltd. 
and Highland Valley Copper fit into the global molybdenum market is given. Chapter 2 is 
dedicated to providing additional arguments as to why some action must be taken with 
regards to the leach plant, as well as introducing and providing a general overview of the 
advantages and disadvantages of the various alternatives to be considered in the detailed 
financial analysis section of Chapter 4.  In Chapter 3, a review of the molybdenum 
market and how it would affect management’s decision regarding updating or eliminating 
the leach plant is presented.  Finally, Chapter 5 provides recommendations, based on the 
previous analyses, regarding an appropriate option to pursue with respect to the leach 
plant and discusses possible steps towards implementation. 
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1.1 Product Background 
Molybdenum is a metal combined with iron for most steel making applications. 
Thankfully for those who get tongue-tied easily, molybdenum is known in the metals 
industry as “moly”.  Approximately 25 percent of molybdenum production is used to 
make moly-grade stainless steel. Another 50 percent is used for other iron based materials 
such as cast iron, construction steel, as well as tool and high speed steel. The remaining 
25 percent gets used in specialty alloy metal applications, as a high-temperature lubricant, 
as a catalyst, for corrosion resistance, and other specialty applications (Imgrund, Kinsman 
& International Molybdenum Association, 2007).  
Molybdenum typically exists in the ground as a sulphide.  The mineral name for 
molybdenum sulphide is molybdenite.  It may occur as the primary metal sulphide in a 
low-grade porphyry deposit or as a secondary metal sulphide recovered from mining a 
low grade copper porphyry deposit.  The difference between primary producers and by-
product producers is that primary producers have the molybdenum sulphide as their 
primary metal, and by-product producers have molybdenum sulphide in addition to 
copper sulphides.  Highland Valley Copper is a low grade copper porphyry deposit so the 
molybdenum production is a by-product of the copper production.  Antamina, another 
mine of which Teck has a 22.5 percent stake, also produces molybdenum as a by-product 
of other metal mining. By-product mines account for the majority of mine production of 
molybdenum in the world. 
1.2 Teck and Molybdenum 
Historically, molybdenum has generated between 1 and 8 percent of Teck’s 
revenues.  As Figure 1-1: Teck’s Revenue by Commodity illustrates, 2004 and 2005 were 
record years for molybdenum’s contribution to revenues, with 8 and 7 percent in  
2004 and 2005 respectively. The variation in the contribution to revenue for 2004 was 
due to a record year of molybdenum sales, at 10.13 million pounds. Although 
molybdenum sales for HVC dropped 32 percent in 2005 to 6.9 million pounds, 
molybdenum prices rose 68 percent over 2004 to reach record high molybdenum prices in 
2005 of 32 US dollars per pound. Throughout this paper, all prices and costs are stated in 
Canadian dollars unless indicated otherwise.  
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Figure 1-1: Teck’s Revenue by Commodity 
As Figure 1-2: Teck’s Molybdenum Sales indicates, molybdenum production at 
Antamina in 2005 increased significantly, to represent one third of all of Teck’s 
molybdenum production.  Highland Valley Copper and Antamina have historically been 
the sources of Teck’s molybdenum sales, with Highland Valley Copper contributing 
between 50 and 93 percent of Teck’s total molybdenum sales.  Antamina’s variable 
contribution to molybdenum sales is a result of the mine plan.  Antamina has several 
sources of ore; and not all ore types contain molybdenum. Therefore, molybdenum 
production at Antamina is highly variable, depending on the types of ore mined in the 
year.  Highland Valley Copper has only one primary ore type, a copper-molybdenum ore, 
but the molybdenum content of different areas of the mining pits varies significantly and 
this is the reason for the variable annual molybdenum production at Highland Valley 
Copper.    
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Figure 1-2: Teck’s Molybdenum Sales 
Excluding 2004 and 2005, revenues from molybdenum for Teck have averaged 
only two percent.  However, this is not unusual for a diversified mining company.  Many 
large mining companies that have significant resources, other than copper, do not report 
their molybdenum production independently from their copper production in their annual 
reports.  Those companies that do have significant copper resources in their portfolio 
report molybdenum production separately and note that molybdenum contributes between 
5 and 15 percent of their annual sales. For example, Freeport-McMoran Copper & Gold 
Inc. reports molybdenum as contributing five percent of total sales (Freeport-McMoran, 
2009); for Rio Tinto, molybdenum contributed less than five percent of revenue in 2009 
(Rio Tinto, 2010); and for Grupo Mexico, molybdenum accounted for 9 percent of sales 
in 2009 which was down from 13 percent in 2008 (Grupo Mexico, 2010).  These large 
mining companies produce molybdenum exclusively as a by-product of their copper 
operations, with the exception of Freeport McMoran which operates the Henderson 
molybdenum mine in Colorado. 
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1.3 Overview of Molybdenum Processing 
The molybdenum in the ground exists in very low concentrations; thus it is 
necessary to separate it from the non-valuable minerals to form a mineral concentrate 
before further processing.  The ore gets mined, crushed and ground prior to flotation. The 
hydrophobic nature of molybdenite is exploited in the process of flotation.  In flotation, a 
mixture of the finely ground minerals and water flows through a series of vessels where a 
gas, typically air, is mixed in with the slurry along with trace amounts of chemicals that 
assist with increasing the efficiency of the process.  The hydrophobic minerals, including 
molybdenite, float to the surface with the rising air bubbles. The air bubbles form a froth 
bed on top of the slurry where the hydrophobic minerals are concentrated. This 
concentrate is collected and subjected to further grinding and flotation stages where the 
quality of the concentrate is improved by rejecting more of the unwanted, or gangue 
minerals. The material that is not collected in the froth becomes the waste from the 
process known as tailings.   
As is the case with by-product producers, including Highland Valley Copper, the 
concentrate produced by the flotation process described above contains both copper 
minerals and molybdenite and is known as a bulk concentrate. In order to separate these 
minerals, a reverse flotation process is employed.  With reverse flotation, a chemical is 
added to the slurry containing both the copper and molybdenum minerals.  The chemical 
acts on the surface of the copper minerals and changes their hydrophobicity, acting to 
depress the copper minerals such that they no longer float.  At Highland Valley Copper, 
sodium hydrosulphide is the chemical added to depress the copper minerals although 
alternatives such as sodium cyanide are also used in the industry.  After the addition of 
the copper depressant, the copper-molybdenum minerals are subjected to the flotation 
process again where the molybdenite minerals float and the copper minerals sink.  The 
copper minerals become the final copper concentrate that is dewatered and shipped off 
site to a copper smelter. 
The molybdenite concentrate still contains some copper minerals that were 
entrained in the molybdenite froth.  The molybdenum cleaning circuit uses further 
grinding and additional copper depressant with flotation to improve the grade of the 
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molybdenum concentrate to approximately 48% molybdenum and 2% copper 
respectively by mass. See Figure 1-3:Highland Valley Copper Molybdenum Treatment 
Process for a depiction of the process at Highland Valley Copper and the approximate 
content of molybdenum produced by each stage. The final product of the molybdenum 
cleaning circuit, at approximately 48% moly and between 2% and 5% copper, is fed to 
the leaching circuit. In the leach plant, a proprietary process called the Brenda Leach 
process is used to dissolve the copper, and other trace metals, out of the metal sulphides 
left in the molybdenum concentrate. Molybdenum sulphide is not affected by the leaching 
process and remains in a solid state.  The leachate solution is separated from the 
remaining molybdenum concentrate which has a grade of approximately 51% moly and 
less than 0.25% copper.  Other impurities left in the concentrate include insoluble gangue 
material and diesel oil which is a reagent added in the beginning of the flotation stage.  
After leaching, the molybdenum concentrate product is dried and packaged for 
sale to a roaster.  The molybdenum is still in a sulphide form, and is not suitable for use 
in the steel industry because of its high sulphur content. Sulphur is known to weaken steel 
products. For this reason molybdenum sulphide is often roasted to form molybdenum 
oxide which is a product suitable to be used in the steel making process. Molybdenum is 
typically traded and priced on a molybdenum oxide basis for this reason.  
Teck is not vertically integrated in the molybdenum market, unlike Freeport 
McMoran and Thompson Creek Metals who operate mines as well as roasters.  
Therefore, Teck is not able to trade its molybdenum product on the London Metals 
Exchange and must sell its concentrate to a roaster. As mentioned above, the roaster turns 
the molybdenum sulphide into molybdenum oxide which can then be sold to smelters or 
other specialty chemical manufacturers. 
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Figure 1-3: Highland Valley Copper Molybdenum Treatment Process 
Source: Highland Valley Copper Information Package 2010 
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The leach plant at Highland Valley Copper is required to reduce the impurities 
content of copper, in particular, down to an acceptable level for the roasters to process.  If 
the molybdenum roasters accept higher concentrations of impurities, the efficiency of 
their process diminishes and the cost of processing increases.  Therefore, the roasters 
buying concentrates factor in a quality premium or a deduction into the price negotiation. 
Molybdenum oxide began trading on the London Metals Exchange (LME) in February 
2010.  The quality specifications for roasted molybdenum concentrate to be traded on the 
LME are detailed in Appendix A, and include an impurities specification of less than 
0.5% copper and less than 0.1% sulphur (London Metal Exchange, 2011).  At present, the 
moly flotation product contains greater than 1% copper and 35% sulphur.  The leached 
concentrate contains less than 0.25% copper but the sulphur content remains high.   In 
order to maximize revenue from a concentrate, Teck must ensure the highest quality of 
material possible is being produced. Quality becomes a competitive advantage for 
Highland Valley Copper in the concentrate marketplace, since few other mines produce a 
concentrate with lower impurity levels. 
2 Problem and Opportunities Discussion  
This section intends to provide the reader with a greater understanding of the dire 
need for attention to be focused on the leach plant and for a strategic direction to be 
established regarding the leach plant so that capital funds can be allocated appropriately.  
An introduction to the alternatives considered in this paper is also provided.  One of the 
alternatives considered includes elimination of the leaching process and investing in a 
flotation process instead.  In this case, it makes no sense to continue investing in upgrades 
to the leach plant if it will be mothballed.  Hence, there is an urgent need for this analysis 
to be completed so that management can focus its attention on a single, strategic, 
direction and invest capital based on this decision.  
2.1   Highland Valley Copper Leach Plant Needs Capital 
The leach plant at Highland Valley Copper has been in operation for over thirty 
years and until recently, had not required many upgrades. The poorly lit, and dirty, leach 
plant had an acidic odour that meant few people desired to work in the plant. 
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Additionally, as much for PR reasons as for safety reasons, visitors very rarely saw inside 
the building. Therefore, the leach plant was considered a “black box.”  Those that did not 
understand the leaching process stayed away, while the few who did had little desire to 
spend time as operators or maintenance personnel in the plant.  A push to upgrade the 
environment and equipment in the building began in 2007. Recent upgrades include: 
replacement of the natural gas fired dryer and bucket elevator with a Holoflite dryer and 
screw conveyors in 2007; and replacement of two filter presses used to dewater the 
concentrate in 2010 and early 2011.  
Additionally, maintenance costs have been rising. In order to preserve 
confidentiality, all costs are shown as a percentage of costs for the chosen baseline year 
of 2000. As shown in Figure 2-1 on page 9, maintenance costs for the moly process have 
more than doubled in the last decade due to increasing equipment repair and replacement 
costs. Operational costs including labour, energy and reagents have not fluctuated greatly 
in the past decade whereas realization costs have varied significantly.  Realization costs 
include transportation to the customer from Vancouver and various marketing costs 
which include treatment charges for the roaster. 
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Figure 2-1: Historical Costs per Pound Produced, Baseline Year 2000 
Highland Valley Copper tracks costs jointly for the copper-moly flotation 
separation circuit and the leach plant. Consequently, it is not immediately apparent what 
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the exact costs are for the leach plant alone.  For example, maintenance costs for pumps 
in the flotation circuit are charged to the same account as the pumps in the leach plant.  
Figure 2-2 below illustrates the distribution of total maintenance costs across the 
accounts. The general maintenance account represents 40 or more percent of the overall 
maintenance costs; it would be recommended that Highland Valley Copper assess this 
account and consider adding additional accounts to group like costs currently charged to 
general maintenance. The accounts for the vessels, screw conveyors, reactors and packing 
are all attributable to the leach plant as this equipment is used exclusively in the leach 
plant. The regrind Mill, liners and flotation accounts are attributable to copper-moly 
flotation separation. The remaining accounts: general maintenance, pumps, boilers and 
columns, and piping are used by both of the flotation and leaching processes  
(Teck Highland Valley Copper Partnership, 2011b). 
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Figure 2-2: Moly Plant Maintenance Account Cost Distribution 
This use of combined accounts necessitates the use of some best case and worst 
case estimations for the portion of each account that is attributable to the leach plant.  For 
example with the pumps account: the best case scenario assumes 50 percent of the costs 
displayed in the account, and the worst case scenario assumes 80 percent of the costs are 
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attributable to the leach plant. Applying this logic to the other overlapping accounts and 
allows for an estimation of the percentage of total maintenance and operating costs that 
are attributable to the leach plant.  Details of the assumptions made for each cost account 
regarding the best case and worst case costs attributable to the leach plant are shown in 
Appendix B. The graphs for historical maintenance and operations costs that are 
attributable to the leach plant are shown in Figure 2-3 and Figure 2-4 respectively.  
Figure 2-3: Leach Plant Maintenance Costs, Baseline Year of 2000, shows that leach 
plant maintenance costs consistently have accounted for between 60 and 80 percent of 
total moly plant maintenance costs. 
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Figure 2-3: Leach Plant Maintenance Costs, Baseline Year of 2000 
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Figure 2-4: Leach Plant Operations Costs, Baseline Year of 2000 
Figure 2-4 above illustrates the variable nature of operating costs; extra care is necessary 
with forecasting operational costs. 
The leaching process is highly corrosive, and in 2010 a structural steel audit of the 
building was completed.  Thickness testing was completed on the structural steel and the 
results were summarized in a report issued by Sacre-Davey Engineering on  
March 17, 2010. The analysis indicated that 45 percent of the structural columns and  
80 percent of the beams failed the standard for structural steel (Sacre-Davey Engineering, 
2010b).  Sacre-Davey also provided repair procedures for each of the beams and columns 
that failed the thickness testing.  Figure 2-5 below depicts one of the worst beams in the 
building and highlights the need for swift action with repairs. Repairs that required 
equipment to be shut down were scheduled to minimize production losses. To the end of 
January 2011, 80 percent of the repair procedures were completed for a total cost of 
$150,000 (Gulliver, 2011).  
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Figure 2-5: Example of Corroded Beam in Leach Plant, Taken in February 2010 
In tandem with the structural steel review, Sacre-Davey Engineering also prepared 
a conceptual engineering study of three options: to build a new leach plant with expanded 
capacity, to expand the facility and increase capacity, or to upgrade the existing 
building’s structure and services to extend the life of the building to 20 years without any 
processing capacity increases (Sacre-Davey Engineering, 2010a). Part of this study 
included surveying operators and process personnel regarding problems with the plant 
that would need to be addressed in the conceptual design. Results of the survey indicated 
that dust and acidic fumes were a major safety concern for the operators, especially from 
the new dryer and scrubber equipment that was installed in 2009.  Also of concern was 
the potential for chlorine gas leaks from the old piping, or newer piping made of a 
material that was not appropriate to contain the chlorine gas. A review of the piping in the 
plant was subsequently initiated and repairs and replacements were completed as 
necessary. For the short term, all necessary upgrades and improvements were made in 
order to safely operate the plant, but the big picture question remained: should we operate 
a leach plant at Highland Valley Copper? 
2.2   Introduction to Alternatives 
Rising maintenance costs and the results of the engineering study led management 
to seek out alternative options for managing the by-product molybdenum at Highland 
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Valley Copper. Necessary improvements to the leach plant for Health and Safety reasons 
were to proceed in order that the plant could continue to operate, but an investigation into 
the appropriate course of action for the long term needs to be established. 
In the status quo scenario, equipment in the leach plant would be replaced as 
needed with identical or similar but newer models with the same capacity. However, a 
question arose: could the leach plant be eliminated and replaced by additional flotation 
cleaning stages in order to meet the minimum quality standard to be sold to a roaster?  If 
that were not possible, does it make sense to expand the capacity of the Highland Valley 
Copper leach plant in order to receive poor-quality concentrates from other facilities and 
become a toll leacher? These critical questions need to be answered before a long term 
strategy for the operation of the Highland Valley Copper leach plant can be developed.  
2.3 Base Case Scenario 
 The present plan for molybdenum treatment at Highland Valley Copper is to 
continue to operate the leach plant and replace equipment upon failure. In this scenario, 
there is no change to the actual process and no change to the throughput capacity of the 
plant. There are several advantages to this scenario:  
1. Field personnel are trained to operate and maintain the equipment 
2. Capital costs are kept to a minimum 
3. Procedures have been established to safely handle chemicals 
4. No additional building footprint is required 
5. Operating and maintenance costs are generally known 
However, this scenario also has some weaknesses: 
1. Reliability of equipment is decreasing 
2. Process upsets lead to inefficient handling of material 
3. Equipment layout is sub-optimal for efficient processing 
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4. The plant does not always run to capacity: it may run under capacity when 
moly grades from the mine are low and material may be stockpiled for 
future processing when grades are high 
5. Performance is not enhanced through significant technological 
advancements and an opportunity is not utilized. 
 Nevertheless, this is the option available upon which to benchmark other alternatives.  
2.4 Option 1 – Flotation Option 
Management at HVC has been discussing the concept of eliminating the leach 
plant and sending flotation concentrate to market for at least two years.  Currently, a 
metallurgical study is underway to determine the best grade of molybdenum concentrate 
that can be achieved through the flotation process.  Results of this study are not presently 
available.  However, some assumptions can be made in order to provide a conceptual 
financial analysis regarding this option. 
The primary inputs to copper-moly flotation include: slurry, Sodium 
Hydrosulphide (NaHS), nitrogen gas, carbon dioxide gas, and lime. The chemical called 
Sodium Hydrosulphide, NaHS or NaSH for short, is used to depress the copper minerals. 
In acidic conditions, the NaHS can generate hazardous hydrogen disulphide gas or H2S.  
For this reason, the flotation cells are covered and ventilated to collect the H2S and treat it 
in a chemical scrubber to react with the H2S gas and neutralize it before discharging the 
cleaned air to the environment. 
Advantages to the flotation option include: 
1. Reduction in chemical inventory on site: no chemicals required for 
leaching 
2. Eliminate chlorine gas use on site, and other hazardous chemicals 
3. Reduced emissions; improved air quality on property 
4. Reduction in complexity of process 
5. It is a continuous process, not a batch process; less chance of stockpiling 
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6. More flexibility with processing – flotation cells are easier to reconfigure 
than the leaching circuit 
7. HVC personnel are familiar with the process and equipment 
Disadvantages of this option include: 
1. Increased risk of producing poor quality product 
2. Lose reputation for producing a product low in undesirable impurities 
3. Increased NaHS use – most expensive chemical on property 
4. Requires additional footprint where space is at a premium 
5. Requires capital 
This flotation option will be evaluated for operating costs based on the author’s 
knowledge of the process and its associated costs as well as an order of magnitude 
estimation for the capital cost associated with expanding the copper-moly separation 
circuit. A full financial analysis of this option requires confidential information regarding 
potential increases in treatment charges for the molybdenum sulphide. These treatment 
charges would apply to the realization costs associated with molybdenum production.  
However, sufficient information should be available to indicate what the maximum 
percentage increase to treatment costs could be in order to make this option attractive 
against the other alternatives. With this basis, the marketing department can proceed with 
contacting customers regarding potential contract terms for a flotation molybdenum 
concentrate. 
Option 2 – Expanded Leach Option 
If it is not feasible to achieve a flotation concentrate of sufficient grade for sale to 
the roasters, then it is necessary to maintain the leaching circuit at Highland Valley 
Copper. The leach plant has not historically run at 100 percent capacity.  Throughput has 
at times been limited by the amount of molybdenum that is being mined, and the leach 
plant has been underutilized during these periods. As maximum profitability and 
efficiency is desirable, it is necessary to optimize the utilization of the capacity in the 
leach plant.  One of the ways in which this can be accomplished is to source material 
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from other mines to be leached during the periods of lower molybdenum output from the 
mine.  In this way, Highland Valley Copper could become a toll-leacher for other mining 
operations. 
Advantages of this option include: 
1. Full utilization of processing capacity 
2. Potential for additional income 
Disadvantages of the expanded leach option include: 
1. Environmental challenges – other mines’ concentrates may be higher in 
other impurities such as lead and zinc that must be managed responsibly 
2. Processing challenges – the leaching requirements of other mine’s 
concentrates is unknown;  
3. Marketing challenges may be present both with sourcing other mine’s 
concentrates as well as in selling the concentrate if the grade deteriorates 
due to processing other’s lower grade concentrate. 
In order to conclude on the best option for Highland Valley Copper, it is necessary to 
consider costs, both operational and capital, as well as the market for molybdenum. 
3 Reviewing the Molybdenum Market  
This section aims to provide the reader with an overview of the molybdenum 
market including a review of: the concentrate supply market, roasting capacity, and 
demand for molybdenum concentrates. This review and analysis is required to establish 
whether the molybdenum concentrates market is an attractive market for Teck to compete 
in, as well as to conclude as to whether the leach plant at Highland Valley Copper should 
be maintained or eliminated. The author concludes that despite the disadvantages 
presented in Chapter 2, it is attractive to maintain leaching capabilities based on projected 
roaster capacity. 
 18 
3.1 Moly Market Overview 
The molybdenum mining industry, excluding China, can be broadly classified as a 
concentrated industry.  For comparison, it is appropriate to consider the copper and nickel 
markets because copper is the primary product associated with moly by-product 
production and nickel is another important metal in the steel production industry. The 
molybdenum mining industry’s top four companies, excluding China, represent 60 
percent of the market compared with copper and nickel mining industries where the top 
four companies represent 50 and 49 percent of the market respectively.  The trend of 
increased concentration for moly over copper and nickel holds for the top 10 mining 
companies as well: the top 10 mining companies represent 82, 78 and 65 percent 
respectively for moly, copper and nickel. Details for the market share calculations for 
copper and nickel are included in Appendix C and results for moly are summarized in 
Table 3-1. Also shown in Table 3-1 is information on China’s moly market which 
indicates China has a more fragmented market for moly mining and roasting than the rest 
of the world. 
 Although concentrated, the size of the market does not provide a barrier to 
entry for Teck. With the acquisition or development of a single world-class primary moly 
mine such as the Henderson Mine, it is possible for Teck change its position from 7
th
 to 
becoming one of the top five moly mining companies in the world excluding China. Teck 
may alternately increase its exposure to moly metal by investing in acquisition or 
development of new copper mines with moly as a by-product.  This option is likely more 
attractive given Teck’s experience with mining and processing moly as a by-product at 
both Highland Valley Copper and Antamina mines. 
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Table 3-1: Moly Mining and Roasting Market Share Information 
Geography Market Concentration 
Market Share in 
2009 
China 
4 largest mining companies 45% 
10 largest mining companies 54% 
World (excl. 
China) 
4 largest mining companies 60% 
10 largest  mining companies 82% 
China 
4 largest roasting companies by capacity 51% 
10 largest roasting companies by capacity 83% 
World (excl. 
China) 
4 largest roasting companies by capacity 80% 
10 largest roasting companies by capacity 91% 
The roasting industry is more highly concentrated than the mining industry, which 
may be as a result of the high capital cost, as well as social and environmental costs, 
associated with establishing a roasting facility.  For the roasting industry, the top four and  
10 companies account for 80 and 91 percent of the world market excluding China. 
Vertical integration into the molybdenum market by acquiring or developing moly 
roasting capacity is an option for Teck.  Teck can draw upon operational and technical 
knowledge of pyrometallurgical processes based on its experience with Lead and Zinc 
refining at Trail Operations in order to develop a moly roasting facility.  However, 
vertical integration into moly roasting at Highland Valley Copper is not an attractive 
option based on the market concentration and potential challenges with permitting.  
The industry cost curve is quite flat, most likely due to extended periods of 
depressed metal prices, when high cost producers were not able to stay in production. The 
following figure demonstrates the cost of moly production for each of the 23 major 
players in the western world.  The majority of operators experience moly costs of 
between 3 and 7 US dollars per pound. Anatamina, of which Teck owns 22.5 percent, has 
the lowest cost at around $3 US dollars per pound.  Highland Valley Copper fits in the  
4
th
 quartile at around $4.50 US dollars per pound (CPM Group, Honrath, Horn, Li & 
Virga, 2010). In other mining segments, being in the 4
th
 quartile of the cost curve 
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suggests that the mine may be a swing producer, i.e. shuts down during periods of low 
metal prices. However, Highland Valley Copper is a by-product producer for which the 
copper prices dictate whether the mine operates or not.  Nevertheless, reducing the cost of 
production through one of the options discussed previously is desirable. 
Historically, the industry has experienced generally low metal pricing below  
$5 US dollars per pound, with a recent period of high metals pricing up to $35 US dollars 
per pound in 2005 as illustrated by the following chart.  The high price period in 2005 
corresponds to a period of declining inventories and insufficient supply to meet demand. 
However, the high of $35 US dollars per pound in 2005 does not match the high in 1979 
which exceeded $80 US dollars per pound in real dollars as a result of increased demand 
for new applications and two oil shocks during the period.  
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Figure 3-1: Historical Price Trend for Roasted Molybdenum Concentrate 
3.2 Molybdenum Concentrates Market 
According to the US Geological Survey (USGS), China and the USA represent 
approximately 43 percent and 23 percent of the world’s molybdenum production 
respectively as shown in Figure 3-2 (U.S. Geological Survey, 2011).  Raw data for the 
world production figures and world reserves are shown in Appendix D. China and the 
USA also have access to significant amounts of the world’s established molybdenum 
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resources, 45 and 28 percent respectively, as shown in Figure 3-3 (U.S. Geological 
Survey, 2011).  Canada’s contribution to the world’s molybdenum production is 
estimated to be only four percent, of which Highland Valley Copper represents one third 
of the Canadian production. Therefore Highland Valley Copper’s contribution to global 
moly production is estimated to be approximately one and a half percent. 
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Figure 3-2: World Mine Production 
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World Molybdenum Reserves 2009
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Figure 3-3: World Molybdenum Reserves 
Of the western world’s moly production, Teck Resources Ltd. represents only 
three percent of total production as shown in Figure 3-4.  Freeport McMoran, Codelco, 
Grupo Mexico and Thompson Creek Metals account for over 70 percent of the western 
world’s production. Interestingly, of the top four western moly mining companies, only 
two mine moly as the primary metal.  This speaks to the importance of by-product mining 
on the moly market. Also, if Teck were interested in becoming a major player in the moly 
concentrates market, it would need to acquire or develop a significant copper-moly 
deposit or a large moly mine. 
 23 
Western World Moly Production 
2009
Grupo Mexico
18%
Rio Tinto
11%
Codelco
20%
Freeport 
McMoRan 
Copper & 
Gold Inc.
23%
Thompson 
Creek Metals 
Co.
11%
Antofagasta 
plc
7%
Teck 
Resources 
Ltd.
3%
Xstrata
2%
Anglo 
American
1%
BHP Billiton
1%
Others
3%
 
Figure 3-4: Western World Moly Production by Company 
Growth in molybdenum supply from mines dropped in 2009 due to lower metal 
prices causing mines to scale back on production. However, production increased again 
in 2010 in order to fill demand, see Figure 3-5.  Demand projections for molybdenum 
metal are variable, but several analysts (Aihua, Xu & Beijing Antaike Information 
Development Co. Ltd, 2010; CPM Group, et al., 2010; Bascur, 2010; Phillips & RBC 
Capital Markets, 2011) agree that China’s demand growth rate will be higher than the rest 
of the world’s for the next five years, driven by construction and industrialization in 
China.  The rest of the world’s demand is forecast based on a per capita demand for 
molybdenum, and is projected to be between two and five percent per annum.  Combined, 
forecast for global molybdenum demand is forecast to be between the historical rate of  
4 and 6.4 percent for the long-term. 
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World Mine Production by Country
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Figure 3-5: Historical Mine Production by Country 
 
Figure 3-6: World Molybdenum Demand, reproduced with permission 
(Thompson Creek Metals, 2010) 
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China’s market is less transparent. The higher cost, smaller mines operating in 
China may shut down in response to lower metal process. As such, the Chinese market is 
price sensitive, and will import molybdenum from other countries when the global prices 
exceed the cost of internal production. This lack of transparency affects analysts’ ability 
to report on Chinese production and demand, as well as decreases the accuracy of 
predictions regarding future supply and demand fundamentals.  For simplicity, Chinese 
production is forecast to grow at a rate of four percent in the following model of mining 
production, but it is recognized that the nature of the Chinese molybdenum industry is 
such that the growth rate could be significantly higher than four percent given favourable 
market conditions.  
Recycling of molybdenum from steel and from catalysts is possible, but not 
thought to be cost advantageous against purchasing new material.  Molybdenum metal is 
not recovered through the recycling process, rather the steel alloy containing 
molybdenum is melted down and a new alloy is generated.  The USGS Mineral 
Commodity Summary for 2010 states that recycling in the steel industry may account for 
as much as 30 percent of the apparent supply of molybdenum (U.S. Geological Survey, 
2011).  However, there is potential for down-grading of the alloys during the recycling 
process as old scrap material may be of poorer quality than current standards. Although 
recycling may increase as companies improve on environmental sustainability, this 
increase is not expected to significantly affect the demand from molybdenum mining. 
Assuming a historical demand growth rate of four percent, existing producers and 
announced expansion and new production projects are expected to fulfil global demand 
until approximately 2019.  However, global demand is generally expected to be higher 
than historical rates. If a demand rate of 6.4 percent is assumed, existing and announced 
production will fulfil demand until approximately 2014.  Following this, additional 
production, either in China or elsewhere, will be necessary to meet global demand for 
mining production.  Figure 3-7 below maps the forecast for mining production, demand 
and roasting capacity to 2020. 
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Moly Mines Production Forecast
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Figure 3-7: Moly Mines Production Forecast 
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After 2014, projects that are currently in the feasibility study phase will need to 
come online in order to satisfy demand.  If all of the projects currently in the feasibility 
stage start producing as projected, there will be ample supply to meet demand and the 
moly price is likely to drop.  What is more likely however, is that some of the projects 
will come in line, which will balance the moly price and other projects will simply be 
deferred until more favourable market conditions exist. A list of projects included in this 
forecast is shown in Appendix E. 
Roasting capacity for molybdenum concentrates is projected to exceed demand 
under the historical growth rate scenario, but additional roasting capacity will be required 
if the demand growth rate exceeds historical rates.  See Appendix F for a forecast of 
roaster capacity by country until 2020. For the next five years, roasting capacity can be 
reasonably assured to exceed mining supply; however, after 2017 there is a possibility 
that additional roasting capacity may be required.  This additional roasting capacity is 
likely to be built in China, or another nation that enters a phase of accelerated 
construction and industrialization. In the event that mining supply exceeds roasting 
capacity, the balance of power will shift to those companies owning roasting capacity.  
These companies, including Thompson Creek Metals and Freeport, will have the 
advantage of being able to treat their own concentrates and be selective about which other 
concentrates to treat.  
The companies that are not vertically integrated, such as Teck, have three options 
to overcome this dilemma: build additional roasting capacity to treat moly concentrate, 
ensure superior quality of product, or scale back on molybdenum production from by-
product mining.  Teck is not expected to consider building additional roasting capacity at 
the Highland Valley Copper site, but could consider this option for another mining site. 
More likely, HVC will scale back on molybdenum production and focus on product 
quality. 
HVC’s concentrates are known to be relatively low in undesirable impurities; this 
will be an advantage in a situation where roasting capacity is sparse. In this scenario, 
HVC may prefer not to treat additional concentrates from other mines, as in Option 2, if 
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HVC’s moly concentrate quality is compromised by impurities in other mines’ 
concentrates. Alternatively, Teck can research expected impurity levels in upcoming 
projects in order to identify future possible sources of moly concentrate for the leach 
plant that minimize the overall impact on blended product quality. The potential for 
roasting capacity to become a bottleneck in the moly industry suggests that even if HVC 
is able to produce a marketable flotation concentrate under Option 1, it would be wise to 
maintain the leach plant and therefore the ability to produce superior grade concentrates. 
Ideally, the source for additional moly concentrates for the expanded leach option 
at HVC should be: close to HVC’s facilities in order to minimize transportation costs, and 
relatively free from undesirable impurities. Teck has the option of shipping its flotation 
concentrates from its other operations, Antamina and Quebrada Blanca, or it can source 
material from other mines.  At first glance, the Schaft Creek project appears to have some 
potential: it is also in British Columbia, has a mine life beyond that of Highland Valley’s,  
the timing for start up matches the time frame in which HVC could make plant 
modifications, and Teck already has an earn-back right with the property.  
Highland Valley Copper is well positioned to participate in the moly concentrates 
market, and would be wise to maintain its leaching capabilities. 
4 Financial Analysis 
The purpose of this financial analysis section is to provide a detailed financial 
analysis of the alternatives introduced in Chapter 2. It reviews models used for the 
operating and maintenance costs, and provides justification for assumptions regarding 
realization and marketing costs.  The models for cost provide a basis upon which to 
develop a break-even analysis between the base case scenario, where the variables of 
costs are relatively well known, and the other two alternatives, where potential capital 
cost and other costs are not known.  
4.1 Assumptions 
Financial analysis of the various options will need to take into consideration moly 
price forecasts, forecast production rates, plant capacity and discount rates.  Also needing 
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consideration are capital cost estimates, operating and maintenance costs as well as 
marketing costs, which will be discussed individually with each option’s analysis. 
4.1.1 Price Forecast 
There are fewer analysts covering the molybdenum market now than prior to the 
price collapse of 2008. Generally, it is thought that the price of moly will be tied to the 
availability of supply. For the long-term, greater than three years out, analysts (Bascur, 
2010; CPM et.al, 2010; Phillips & RBC Capital Markets, 2011) agree that the price of 
molybdenum will converge on the price of primary mining.  This is expected to be 
between 10 and 15 US dollars per pound.  For the short term, estimations for annual moly 
prices vary between 14 and 28 US dollars per pound for 2011. The median value for moly 
price was chosen to represent the “Plan” for forecast moly prices to be used in this 
analysis. For the purposes of this analysis, the foreign exchange rate between US and 
Canadian dollars was assumed to be one. As will be demonstrated later, the metal price is 
not a significant factor in the break-even analyses so long as the same price forecast is 
used in all of the scenarios.  
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Figure 4-1: Moly Price Forecast 
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4.1.2 Production Forecast 
Highland Valley Copper announced a mine life extension to 2025, pending permit 
review and approval (Teck Resources Ltd., 2011b).  The current moly production forecast 
based on assumed plant recoveries and the current mine plan is used for this financial 
analysis.  The mine plan is subject to change on an annual basis, but is depicted in Figure 
4-2 below (Teck Highland Valley Copper Partnership, 2011c). The blue line indicates the 
current plan; the pink lines indicate best case and worst case scenarios.  The best case 
scenario assumes a 10 percent increase in production is feasible, based on improved 
grades or plant recoveries. The worst case scenario assumes a 20 percent loss over the 
baseline, due to lower than expected grades or poor plant recoveries. For the base case 
scenario upon which other break-even analyses are based, the current plan is used.  
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Figure 4-2: HVC Production Forecast 
4.1.3 Plant Capacity 
The current capacity of the leach plant, as determined by Sacre-Davey 
Engineering is 9 batches per day, or 22.5 short tons per day (Sacre-Davey, 2010a).  This 
throughput refers to a capacity to treat flotation concentrate at a grade of approximately 
 31 
48.5% moly.  Therefore the maximum capacity of the plant would be approximately  
7.2 million pounds of moly in concentrate per year as indicated in the calculations shown 
in Appendix G.  However, the current production forecast estimates that over 9 million 
pounds will be treated in 2011. In 2004, Highland Valley Copper reported 10.7 million 
pounds of production which is higher than the 2011 forecast.  This record production was 
prior to some equipment upgrades; the existing equipment has not been tested at this 
production rate. After some equipment upgrades prior to 2010, the Sacre-Davey estimate 
for plant capacity was completed using a time study and therefore is more likely to reflect 
current capacity.  
If the leach plant is successful in 2011 with being able to produce the amount 
forecast, the financial calculations for this project may need to be run again with the new 
maximum capacity.  One option that Highland Valley Copper has in order to increase 
throughput is to reduce the cycle times of the batch process. This may result in a 
concentrate with a copper content higher than specification, which in turn would incur 
penalty charges from the roaster.  For the purposes of this analysis, 7.2 million pounds 
will be used as the maximum plant capacity.   
4.1.4 Discount Rate 
In order to incorporate the time value of money in the financial evaluations, a 
discount rate for cash flows needs to be established.  The weighted average cost of capital 
(WACC) for the firm is often used as a discount rate.  At the time of writing, Teck’s 
WACC was listed as 11 percent (Wiki Wealth, 2011).  The primary purpose of the 
analysis is to compare the various options, so as long as the discount rate is held constant 
between the various options, a fair comparison can be made. For the purposes of this 
financial analysis, a discount rate of 11 percent is assumed.   
4.2 Base Case 
In the base case, aging equipment is replaced and structural repairs to the building 
are completed without making any changes to capacity.  
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4.2.1 Operating Costs 
Operating costs in the base case scenario are projected to be similar to previous 
levels in the forecast. All costs are stated in Canadian dollars. The average cost per pound 
for 2006 through 2009 was taken as the forecast for the 2011 cost. Costs for 2010 were 
left out of the calculation because accounting methods changed in 2010 such that 
operating labour, natural gas and power specifically for the moly operations were no 
longer split out from the overheads account.  These costs for 2010 were estimated based 
on 2009 levels in order to complete the trends, but due to the decreased level of accuracy 
for 2010 operating costs, it has been left out of the averaging period for forecasting 
purposes. The forecast operations cost per pound is $1.15 for 2011. A cost increase of 
two percent per annum is assumed in order to account for wage and materials cost 
increases.  
4.2.2 Maintenance Costs 
In the base case scenario, maintenance costs are projected to be similar to 
previous levels in the forecast. Extra costs for replacement equipment are covered under 
capital costs for the projects.  An average of the previous five years maintenance costs 
per pound, plus a cost increase of two percent per annum is assumed in order to forecast a 
maintenance cost of $0.46 per pound produced for 2011.  The forecast annual increase is 
included in future years in the forecast in order to account for material cost increases 
related to inflation. 
4.2.3 Capital Costs 
A study of the leach plant has recently been conducted by Sacre-Davey 
Engineering regarding work that needs to be completed in the leach plant.  The order of 
magnitude estimated capital cost for extending the life of the existing leach plant by 
another 20 years was 14 million dollars.  This included building upgrades, structural 
upgrades, some equipment replacement, and re-plumbing all piping.  These upgrade costs 
are assumed to be allocated to 2011 and 2012 in the amounts of 10 and 4 million 
respectively to complete the upgrades. 
 33 
4.2.4 Realization Costs 
Realization costs include transportation costs by land, rail and sea, as well as 
roasting treatment charges and other marketing costs.  Transportation costs are subject to 
change based on where the moly concentrate is being shipped: HVC sells to roasters 
around the world. For simplicity in establishing a baseline, the average cost per pound 
from the past five years is applied to each year in the forecast.  No additional increases to 
the realization costs are applied.  
4.2.5 Revenue Interruption 
Building upgrades and equipment replacement are expected to be scheduled in 
such a way that production losses are reduced.  The flotation plant is able to produce 
flotation concentrate even during periods of leach plant shut downs. It is assumed that: 
sufficient storage capacity exists for the flotation concentrate in order for maintenance 
and equipment replacements in the leach plant to occur, and that all of the stored flotation 
concentrate can be treated in the same production year. 
4.2.6 Net Present Value 
The net present value of this option given the assumptions above is $528 million 
dollars. This will be the basis upon which the attractiveness of other options will be 
evaluated. 
4.3 Option 1 – Flotation 
A series of flow sheets were tested on the pilot scale in order to determine if an 
acceptable grade of concentrate could be produced by increasing the number of flotation 
cleaning stages.  Preliminary results suggest that it is technically feasible to attain a 
concentrate grade of an acceptable quality to sell to a roaster. However, this flow sheet 
has not been subject to extensive review and operational testing.  Also, as established 
previously, it is not advisable to Teck to tear down the leach plant in favour of a flotation 
plant due to the possible situation of roasters being under capacity on a global scale.  I 
present this option because management is interested in gaining a greater understanding 
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of the financial considerations of this option.  No guarantee regarding the technical 
feasibility of this option is to be assumed. 
4.3.1 Operating Costs 
In the base case scenario, the flotation plant as well as the leach plant, continues 
to operate.  As such, there is was no advantage to distinguishing between costs associated 
with the flotation plant versus the leach plant.  However, this distinction is necessary 
when considering the forecast for operating and maintenance costs for this flotation only 
option.  Highland Valley Copper tracks operating costs under several sub accounts for 
each category. The categories, along with the percentage of total operating costs that each 
of these categories represent, are shown in Table 4-1.  
Table 4-1: Table of Annual Operating Costs 
 % of Annual Operating Costs 
Operating Costs 2010 2009 2008 2007 2006 5 Year 
average 
Operating 17% 13% 7% 7% 12% 11% 
Carbon Dioxide 2% 2% 2% 2% 2% 2% 
Chlorine 8% 5% 4% 4% 4% 5% 
Caustic Soda 0% 0% 0% 0% 0% 0% 
Aerodri 1% 0% 0% 0% 0% 0% 
Hydrochloric Acid 1% 0% 0% 0% 0% 0% 
Fuel Oil 0% 0% 0% 0% 0% 0% 
Misc. Reagents 5% 4% 2% 4% 3% 3% 
Packing/Shipping 3% 2% 1% 2% 2% 2% 
Natural Gas 5% 4% 4% 4% 2% 4% 
Nitrogen Gas 7% 7% 7% 8% 7% 7% 
Power 7% 5% 4% 5% 5% 5% 
Regrind Media 1% 1% 2% 2% 5% 2% 
NaHS 44% 56% 66% 61% 57% 57% 
Moly Plant Operating Cost 
Subtotal 
100% 100% 100% 100% 100% 100% 
Some of these sub accounts track charges that can be applied exclusively to the 
flotation plant, such as nitrogen gas, and other accounts track costs associated with both 
of the leach plant and the flotation plant, such as the operating account that includes 
labour.  In order to forecast the operating cost associated with running a flotation plant 
only, each of these sub accounts needs to be evaluated with respect to future potential 
operating costs.  The forecast for the operating cost under the flotation option will be 
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based on the Base case operating cost and an adjustment factor. This adjustment factor 
will be calculated based on an evaluation of the contribution of each of the operating cost 
accounts listed in Table 4-1 and a multiplication factor based on assumptions regarding 
operation of the flotation only option.  
For the flotation only option, costs associated solely with the leaching process can 
be excluded. These costs are: chlorine, aerodri, and hydrochloric acid. The multipliers for 
these accounts are zero since they are to be excluded from operating costs under the 
flotation option.  The fuel oil consumption and regrind media consumption are not 
expected to be impacted by eliminating the leach plant: fuel oil is added in the bulk 
flotation circuit and addition is independent of the copper-moly separation process, and 
regrind media consumption can be roughly correlated to the mass of bulk concentrate 
treated which is also not expected to change with the shift to selling flotation concentrate.   
Some of the processes that physically occur in the leach plant need to be 
continued under the flotation operation.  These costs are associated with the dewatering, 
drying and packaging of the concentrate because these processes will continue with the 
flotation concentrate.  The operating cost accounts for these processes include: Packaging 
and shipping and natural gas for the boiler running the dryer.  However, the boiler also is 
used to support the leaching process.  A conservative estimate of 50 percent of the natural 
gas consumption will be attributed to the concentrate drying process to reflect the cost 
associated with operating the boiler to support the drying process. Also, under the 
flotation option, HVC will be packaging and shipping more mass of material as less 
copper will be removed from the product to be shipped off site.  
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Table 4-2: Shipping Mass and Extra Copper Calculations 
 
Unleached 
Conc. 
Flotation Conc. 
(1% Cu) 
Leached Conc. 
Sold (0.25% Cu) 
2010 Flotation Concentrate 
Production DMT 
5988.9 5988.9 5988.9 
Moly Flotation Grade 49.6 49.6 49.6 
Copper Grade 2.59 1 0.25 
Moly DMT 2970 2970 2970 
Copper DMT 155 60 15 
DMT "Other" content 2863 2863 2863 
DMT Concentrate for shipping 5989 5894 5849 
Increase over shipping leached 
Concentrate 
 0.8%  
Copper Losses (DMT)  60 155 
Extra copper reporting to Copper 
Concentrate under flotation option 
95 DMT, 210000 lbs, or 3% of moly content 
 
Table 4-2 above details the calculations used to determine the extra mass of 
material that will need to be shipped if the copper content from the flotation product is 
not leached out. These calculations suggest that an increase of approximately 0.8 percent 
in the mass of material to be shipped will be seen. Consequently, the multiplier for the 
packing and shipping cost accounts, as well as the natural gas accounts take into 
consideration that an additional 0.8 percent of material will need to be handled. The 
multiplier for packing and shipping then becomes 1.008, shown as 1.01 in  
Table 4-4: Operating Cost Adjustment Factors under Option 1. 
Also note the calculations for extra copper reporting to the copper concentrate 
under the flotation option in Table 4-2. In the current leach process, any copper that 
reports to the leach plant is not recovered; it either is lost to the final moly concentrate or 
to the leachate solution and is treated as a waste stream. Under Option 1, additional stages 
of flotation cleaning are added to the copper-moly separation circuit. Any product that 
enters the copper-moly separation circuit either reports to the copper concentrate or to the 
moly concentrate.  If less copper is able to report to the moly concentrate, it means this 
copper would be recovered in the copper concentrate stream. In order to forecast this 
extra copper revenue on the basis of pounds of moly production, the difference in the 
mass of copper contained as a percentage of the total moly content in the concentrate is 
calculated. Therefore, estimation for extra pounds of copper is three percent of the total 
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moly production forecast.  This method also assumes that the moly recovery for the 
flotation plant is not affected overall by adding extra flotation capacity. 
Based on the current moly production forecast and an assumed copper price of 
 $3 per pound, this extra revenue is expected to be between $150,000 and one million 
dollars annually. This is unfortunately not likely enough extra revenue in order to make 
the investment in extra flotation capacity attractive on its own. However, further 
investigation and analysis on this option may be warranted in higher copper price 
situations. 
The operating account refers to labour costs associated with moly operations. 
Currently there are 4 jobs related to moly operations: flotation operator, leach plant 
operator, leach plant helper, and leach plant packer. There is a flotation operator working 
on both day and night shifts. The leach plant operator is responsible for managing the 
chemical leaching process, and the leach plant helper assists the leach plant operator as 
well as tending the filtration and drying aspects of running the leach plant. These two 
positions work on day shifts only, unless moly throughput is high enough that the leach 
plant needs to operate on night shifts as well in order to avoid unmanageable levels of 
stockpiled materials. The leach plant packer position also is a day shift only position.   
Under Option 1, only the leach plant operator job is fully eliminated. Two 
positions likely need to be maintained on day shift in the leach plant in order to keep the 
filtration and drying operations as well as the packing operations going. This labour 
reduction represents an estimated 20 percent reduction in labour operating costs. 
Table 4-3: Operating Labour Details 
 
Base Case # 
Shifts Annually 
Option One # 
Shifts Annually 
Flotation Operator 730 730 
Leach Plant Operator 365 0 
Leach Plant Helper 365 365 
Leach Plant Packer 365 365 
Total Shifts 1825 1460 
% Change  -20% 
Therefore the multiplier for the operating account would be 0.8 as shown in Table 
4-4. 
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Table 4-4: Operating Cost Adjustment Factors under Option 1 
Operating Costs 
5 Year Average 
% of Operating 
Costs 
% 
Attributable 
to Flotation 
Multiplier for 
Option 1 - 
Additional 
Flotation 
Adjustment 
Factor 
Operating 11% 0% 0.80 0.091 
Carbon Dioxide 2% 100% 1.15 0.025 
Chlorine 5% 0% - - 
Caustic Soda 0% 50% 1.15 0.000 
Aerodri 0% 0% - - 
Hydrochloric 
Acid 
0% 0% - - 
Fuel Oil 0% 100% 1.00 0.000 
Misc. Reagents 3% 20% 1.00 0.007 
Packing/Shipping 2% 0% 1.01 0.021 
Natural Gas 4% 50% 1.01 0.040 
Nitrogen Gas 7% 100% 1.15 0.083 
Power 5% 60% 1.15 0.037 
Regrind Media 2% 100% 1.00 0.020 
NaHS 57% 100% 1.15 0.655 
Op. Cost 
Subtotal 
100%   0.978 
Other accounts represent resources that may increase if additional flotation 
capacity is installed, including: carbon dioxide, caustic soda, nitrogen gas, power, and 
NaSH. Multipliers for these accounts were given based on an assumed 15 percent 
increase in capacity. Therefore multipliers for these accounts are 1.15 as shown in Table 
4-4 above. The sum of adjustment factors is 0.978, suggesting that predicted operating 
costs for the flotation only option are 97.8 percent of those for the base case scenario.  
4.3.2 Maintenance Costs 
Similar to the operating costs, there are maintenance costs that can be eliminated 
by going with the flotation only option.  For example, liners, reactors and vessels are all 
associated with the leaching process which would no longer exist.  With the screw 
conveyors and packing maintenance, additional material is expected to be treated due to 
the additional copper in the concentrate, so a multiplication factor including the 
additional 0.8 percent is used.  For the boilers and columns, flotation, piping, pumps, and 
general maintenance accounts, the multiplication factor uses the assumed additional  
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15 percent flotation capacity as a basis for adjustment.  Table 4-5 below details the 
calculations regarding adjustment factors to be applied to the base case maintenance cost 
in order to forecast the maintenance costs under Option 1.  The conclusion is that  
Option 1’s maintenance costs are expected to be approximately 50 percent of the base 
case’s maintenance costs. 
Table 4-5: Maintenance Cost Adjustment Factors under Option 1 
Maintenance 
5 Year Average % 
of Total 
Maintenance Cost 
% 
Attributable 
to Flotation 
Multiplier 
for Option 1 
- Additional 
Flotation 
Adjustment 
Factor 
Boilers & 
Columns 
1% 30% 1.15 0.005 
Flotation 3% 100% 1.15 0.031 
Liners 1%  - 0.000 
Packing 0% 0% 1.01 0.002 
Piping 7% 50% 1.15 0.039 
Pumps 9% 50% 1.15 0.049 
Reactors 5% 0% - 0.000 
Regrind Mill 2% 100% 1.00 0.022 
Screw Conveyors 3% 20% 1.01 0.032 
Vessels 12% 0% - 0.000 
General 
Maintenance 
56% 50% 1.15 0.324 
Maintenance Cost 
Subtotal 
100%   0.504 
4.3.3 Revenue Interruption 
This analysis assumes that there would be no material interruption to the yearly 
moly production.  If any process interruptions are required to tie in the final construction, 
then it is assumed that the shut down could be coordinated such that bulk concentrate 
material is stored in a spare thickener for a period of up to 12 hours before the moly plant 
becomes operational again. If further feasibility studies suggest that this is not possible, 
then the potential losses to production need to be factored into the financial analysis. 
4.3.4 Realization and Capital Costs 
No independent estimate for the capital cost of this option has been completed.  
There is also insufficient information publically available regarding penalty charges that 
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may be incurred for marketing a flotation concentrate instead of a leached concentrate. 
Instead, the author uses the base case as a basis for comparison. Given the net present 
value, before tax, of the base case scenario that includes capital expenditures to replace 
equipment and structure for the leach plant, what combinations of penalty charges and 
capital costs would make the flotation upgrade attractive?  
Various situations were tried with this analysis.  The first assumption made was to 
incur 20 percent of the capital costs for the flotation project in the first year, and the 
remainder in the second year. This ratio was reversed to see the effect on the break-even 
analysis, and a third situation where 10 percent of the total capital cost was incurred in 
2011, followed by 60 percent in 2012 and the remainder in 2013.  As can be seen in 
Figure 4-3, the timing of the capital expenditure does have a minor impact on the number 
of attractive combinations of capital expenditure against possible penalty charges that 
would be incurred under “Realization Costs”. 
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Figure 4-3: Option 1 Break-Even Chart 
This method of analysis provides management with a general guideline for 
evaluating this option against investing in the leach plant as in the base case.  For 
example, this break-even analysis indicates that if the Marketing department cannot find a 
customer that will provide contract terms including a penalty that is less than 80 cents per 
pound of moly, then there is no point in pursuing this option through to feasibility 
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engineering. Also, if management does not think that the flow sheet that showed 
promising metallurgical results can be designed and built for less than 25 million dollars, 
then there is also no point in pursuing this line of investigation further.  Qualitatively, 
below the line shown on the graph indicates a favourable combination of capital costs and 
penalty charges. Furthermore, the perpendicular distance from the line gives a 
quantitative method for evaluating alternatives. 
This analysis is dependent on the assumption of capital cost that is required to 
upgrade the leach plant.  Figure 4-3: Option 1 Break-Even Chart was constructed under 
the assumption of 10 million dollars spent in 2011 and 4 million dollars spent in 2012 for 
a total of 14 million dollars spent on the leach plant under the base case situation.  
However, the capital cost used in the base case is still an estimation based on the  
Sacre-Davey Engineering Report.  It is possible that alternative options for upgrading the 
leach plant may be employed that will cost more or less than the original estimate. For 
this reason, further analysis regarding the break-even costs for Option 1 is required.  For 
this extended analysis, a distribution of costs of 20 percent in 2011 and 80 percent in 
2012 was used for both the base case and the Option 1.  
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Figure 4-4: Option 1 Break-Even Chart, Variable Base Case Capital Costs 
Figure 4-4 above illustrates the results of this break-even analysis. As expected, it 
indicates that if the base case investment into the leach plant is less than the projected  
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14 million dollars, then the acceptable alternative investment in Option 1 drops.  
Conversely, if the leach plant upgrade under the base case will cost more than the 
expected 14 million dollars, then the acceptable investment in capital costs under  
Option 1 also increases. Similarly with penalty charges, increased penalty charges can be 
tolerated under Option 1 if the base case capital investment increases. 
These break-even analyses are also independent of the price forecast.  The 
scenario with a 20/80 distribution of capital costs for Option 1 versus the NPV generated 
for each price forecast when the capital costs projected for the base case were 10 million 
and 4 million respectively is shown in Figure 4-5 below.  This chart shows that the 
difference in used in the price forecast does not significantly affect the break-even 
analysis, so long as the same price forecast is used for both the base case and the Option 1 
financial analysis.  
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Figure 4-5: Effect of Price Forecast on Break-Even Analysis 
4.4 Option 2 – Expanded Leaching 
In Option 2, various different operating capacities are explored, along with the 
financial implications of operating at these capacities.  As before in Option 1, a break-
even analysis between Option 2 and the base case is used to determine attractive 
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combinations of capital investment and potential revenue per pound. This potential 
revenue per pound will be called a treatment charge hereafter.  Suggestions for sources of 
material have been discussed previously on page 28, and one such source, Schaft Creek, 
is modelled for illustrative purposes. 
4.4.1 Operating and Maintenance Costs 
 The costs, both operational and maintenance are expected to be the same 
for the flotation plant under Option 2 as in the base case. Therefore, the base case cost per 
pound for the operational and maintenance costs are used in the model for Option 2.  The 
total cost for operations and maintenance costs for flotation is the product of the base case 
cost and the HVC production forecast. There should be no charges for the flotation costs 
against any material that is brought on site from another operation since it will have been 
floated previously. 
 The base case costs for operations and maintenance of the leach plant were 
also used for the leaching portion of the cost estimations under Option 2. It is recognized 
that the operating labour costs will increase as a whole since additional operators and 
packers will be required at the higher production rate, however it is expected that the 
model using a cost per pound of material treated will incorporate this additional cost as 
additional material is processed. For the leaching portion of costs, the total amount of 
moly treated which includes both the HVC concentrate along with any external sources 
treated is used as the basis for calculating total costs for operation and maintenance of the 
leach plant. 
4.4.2 Revenue Interruption 
 It is assumed that the upgrades and additional construction required under 
this option will be completed without any significant interruption to production.  As 
mentioned before in section 4.3.3 Revenue Interruption for Option 1, there is some 
storage capacity for flotation concentrate such that the leach plant can be shut down for 
short periods of time and material stored and processed after the shut down. It is assumed 
that any construction will occur in 2011 and 2012 and will not cause significant reduction 
in the ability of HVC to meet its production plan on a yearly basis. Since construction is 
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assumed for 2011 and 2012, no additional revenue from external concentrates is indicated 
in the financial model for these years. 
4.4.3 Treatment Charges and Capital Costs 
 As for Option 1, a break-even analysis of the combination of treatment 
charges and capital costs that provide the same net present value as the base case is 
completed.  Treatment charges are applied to the toll leached concentrates and constitute 
a source of revenue to Highland Valley Copper under Option 2.  These treatment charges 
are to cover the cost of leaching the material, packaging it, administrative costs, trucking 
it to Vancouver as well as to cover any additional marketing costs that HVC may incur 
associated with sourcing the material from other operations.  
Capital costs associated with construction of an annex to the existing leach plant 
in order to achieve a production rate of 30 to 40 short tons per day of concentrate are 
estimated by Sacre-Davey Engineering to be approximately 22 million dollars. This does 
not include the additional facilities required for material handling of the external 
concentrates for toll leaching.  The author estimates that the capital costs for construction 
of the necessary additional facilities for toll leaching would be on the order of 4 to  
8 million dollars. This brings the total capital cost of the required upgrades at HVC to 
implement toll leaching up to 26 to 30 million dollars. As a basis for discussion,  
30 million dollars will be used. 
The amount of revenue brought in through treatment charges due to toll leaching 
depends on the overall capacity of the leach plant, and the ability of the Teck Marketing 
team to source concentrates to keep the leach plant operating at 100 percent of capacity. 
Table 4-6 indicates various plant capacity estimations in terms of millions of pounds 
produced annually based on the design criteria given of short tons of concentrate treated 
daily.  Three levels of production were assumed in the break-even analysis: 7.2, 10.7, and 
14.16 million pounds annually.  For each of these levels, it was assumed that the leach 
plant operated at full capacity.  Note that although 7.2 million lbs is used as a minimum 
capacity, the HVC production forecast for 2011 suggests that over 9 million pounds will 
be treated. Therefore, true production capabilities should be able to be more accurately 
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determined during 2011 as the plant will operate at full capacity for some periods in 
2011.   
Table 4-6: Leach Plant Capacity Estimations 
Leach Plant Capacity 
STPD 
Concentrate 
Concentrate 
Grade (% Mo) 
Lbs of moly 
Treated 
Daily 
Annual 
capacity 
(million 
lbs) 
Existing - minimum estimated by 
Sacre-Davey 
20 48.5% 19,400 7.08 
Existing - maximum estimated by 
Sacre-Davey 
25 48.5% 24,250 8.85 
2004 production report 30.2 48.5% 29,315 10.70 
Expansion - minimum estimated 
by Sacre-Davey 
30 48.5% 29,100 10.62 
Expansion - maximum estimated 
by Sacre-Davey 
40 48.5% 38,800 14.16 
Maximum HVC+Schaft Creek 
production 
59.7 48.5% 57,868 21.12 
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Figure 4-6: Break-Even Analysis for Option 2 vs. Base Case 
This break-even analysis was completed using the plan values for moly prices and 
a discount rate of 11 percent.  It indicates that for an estimated capital cost of 30 million 
dollars, a minimum treatment charge of $1 per pound is necessary if the production levels 
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are maintained at 7.2 million pounds annually.  If capacity is increased and maintained at 
10.7 and 14.16 million pounds annually for a capital cost of 30 million, then a minimum 
treatment charge of approximately 90 cents and 85 cents per pound respectively is 
required to make the project attractive. 
4.4.4 Expanded Leach Example - Schaft Creek 
The fourth option indicated in this break-even analysis considers the revenue 
stream if the only external source of moly concentrate was from Schaft Creek, and if the 
HVC plant was upgraded to the capacity required to toll leach all of the moly concentrate 
produced from Schaft Creek.  The production forecast for Schaft Creek, as shown in 
Appendix E, is added to the HVC production in order to determine the maximum leach 
plant capacity required to accommodate treatment of both HVC and Schaft Creek 
concentrates. This maximum capacity is significantly higher than levels previously 
considered. A more detailed analysis of the capital cost requirements to build a new 
facility, and of the operating and maintenance costs associated with this facility, is 
required in order to reduce the risk associated with proceeding with any expansion 
project. 
This design capacity, at 21.1 million pounds annually, corresponds greatly to the 
break-even curve shown for 14.16 million pounds in Figure 4-6. This is because the total 
amount of moly to be leached varies annually based on the HVC production process. If 
Schaft Creek and HVC’s are the only concentrates treated, then the new facility will not 
always operate at maximum capacity of 21.1 million.  In the case of Schaft Creek 
production, the maximum expected combined production for HVC and Schaft Creek is 
21.1 million pounds, but the average is only 16.7 million pounds annually for the period 
up to 2025.  If the plant upgrade at HVC is designed for 21.1 million pounds, then there 
will be several years where the plant is operated under capacity which will affect the 
economics of the overall project such that the project economics for a 21.1 million pound 
capacity plant operated under capacity looks like that of a 14.16 million pound facility 
operated at full capacity. 
Please note there is a high level of uncertainty regarding the Schaft Creek project. 
Moly production estimations were based on the Metals Economics Group calculations 
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that are based on the company’s announced mill design throughput, average grade of the 
deposit, and expected recoveries. Currently, the project is being reviewed through a 
feasibility study expected to be completed in June 2011.  The author expects that an 
optimistic start date for production from Schaft Creek could be in the second half of 2012 
as shown in Appendix E.  However, this start date is subject to change based on the 
results of the feasibility study and any delays in the permitting process. Further 
assessments of the attractiveness of sourcing concentrates from Schaft Creek should be 
made as more information becomes available.  
5 Recommendations 
This section will present my recommendations and conclusions regarding the 
leach plant at Highland Valley Copper based on the analyses previously discussed. 
5.1.1 Option Evaluation 
Option 1, the flotation only option, is unattractive based on market conditions: the 
potential for limited roaster capacity in the future means that quality will be increasingly 
important and HVC should maintain the ability to produce the highest quality concentrate 
possible by maintaining the capability to leach its material.  This leaves the base case and 
the expanded leach options.  The expanded leach option is more attractive due to the 
potential for increased revenues. This is, however, assuming that the Marketing 
department is able to negotiate attractive treatment charge terms for a given capital 
investment. I recommend investing in some engineering studies to further determine the 
capital cost of various levels of expansion.  This is necessary in order to increase 
confidence in the project economics.  
5.1.2 Change Management and Implementation 
Many efforts to change an organization fail for one of many reasons. Kotter’s 
(2007) Leading Change paper describes errors organizations typically make when 
implementing change which often lead to the ultimate failure of the change effort. He 
also outlines “Eight Steps to Transforming Your Organization” to guide organizations 
through the change process and plan for success: 
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1. Establishing a Sense of Urgency 
2. Forming a Powerful Guiding Coalition 
3. Creating a Vision 
4. Communicating the Vision 
5. Empowering Others to Act on the Vision 
6. Planning for and Creating Short-Term Wins 
7. Consolidating Improvements and Producing Still More Change 
8. Institutionalizing New Approaches (Kotter, 2007). 
Using this guideline, a plan for implementation of the expanded leach option will be 
developed. 
5.1.2.1 Establishing a Sense of Urgency 
Greater than 50 percent of companies’ fail in the first stage of implementing 
change: creating urgency. This step involves reviewing the market and competitive space, 
and identifying a crisis, potential crisis or major opportunity (Kotter, 2007).  With this 
failure rate in mind, it is easy to predict that the stage of creating urgency will be the first 
major hurdle in expanding the leach plant’s capacity. Teck Highland Valley Copper 
Partnership is focused on copper production, which is no big surprise as copper is in the 
name of the operation. Certainly copper is the major source of revenue for the operation, 
but molybdenum is a significant by-product that can generate significant revenue for the 
company, especially during the high price cycles.  The easy route to follow would be to 
continue with business as usual by following the base case scenario of replacing failing 
equipment in the leach plant and making the minimum improvements necessary to bring 
the plant up to a reasonable operating standard and continue operating as usual. This 
would be the wrong approach however, as it ignores the additional revenue potential from 
operating the plant at full capacity. 
As a mining company, the general definition considered when we speak about 
resources relates to the amount of metal in the ground and how much of it we can 
economically extract.  However, there are several other ways to think about resources. 
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Certainly human resources are an important part of creating value for the market place.  
We may also consider the processing capacity of the leach plant as a resource.  
Unfortunately, this resource is not adequately measured or communicated.  Presently, the 
amount of molybdenum concentrate processed in a month is calculated and reported on a 
monthly basis. This number is compared against the “budget” number which was 
established based on the amount of metal expected to be delivered from the mine as 
shown in the annual mine plan.  For the business as usual scenario, this information is 
sufficient. It is not sufficient however, to adequately answer the question: how much 
material could we have processed this month? This question gets to the heart of the issue 
regarding opportunity: to implement the expanded leach option change, we need to create 
a sense of urgency around the potential value of maximizing the leach plant output. 
One way to reach the goal of an increased sense of urgency is to introduce the 
concept of utilization. Utilization is a metric used to reveal actual performance against 
theoretical maximum performance.  With respect to the leach plant capacity, process 
utilization shows the amount of material that was actually processed as a percentage of 
the amount that could have been processed if the plant were not constrained by the 
amount of feed stock available. A similar metric called “equipment availability” is 
currently in use to describe the percentage of time that the grinding equipment operates in 
a month. The concept of utilization incorporates availability in the sense that if equipment 
is down for maintenance, it can not be utilized for production. Perhaps the simplest way 
to describe the difference is to illustrate the equations used to calculate each metric and 
an example of each metric calculated for the month of June: 
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Several different definitions for the term “utilization” could be used; the main 
point is that management at HVC decides on a definition of utilization with respect to the 
leach plant capacity utilization. Once this definition has been established, the utilization 
metric needs to be displayed on mill performance reports that are distributed within the 
company.  This metric, along with leach plant availability, then needs to be incorporated 
into the monthly reports submitted to the corporate team that monitors operations’ 
performance.  One strategy may be to simply display these new metrics on the corporate 
report sheets, and wait for questions to arise regarding the new additions.  Another 
strategy involves advance discussions and approvals before incorporating it into the 
reports. Either way, the purpose of adding this metric is to facilitate discussion between 
senior management at Teck and management at HVC about the concept of utilization and 
how it applies to the leach plant’s processing capabilities.   
When both senior management at Teck and management at HVC are comfortable 
with the definition and inclusion of this metric, it is possible to create the sense of 
urgency required to initiate action with expanding the leach plant capacity.  Utilization in 
2011 is not expected to be a significant issue since the leach plant will have sufficient 
feed from the mine to be operating at high capacities. However, the projected situation 
starts to deteriorate in 2012 and leach plant capacity utilization shows as critically low in 
the period of 2013 to 2016.  The graph below indicates expected utilization based on the 
Processing capacity (tonnes) per hour x Equipment Op hours 
Availability =  
Equipment Operating Hours     =      684        = 95 %        
Total Hours in month                     720 
Utilization =  
Tonnes of Material Processed 
=            500               =           500               =  75.4 % 
0.97 x 684                      663.48 
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current mine plan. A version of this graph will be presented to senior management to 
illustrate the point. 
HVC Leach Plant Utilization
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Figure 5-1: HVC Leach Plant Utilization Projection 
The Highland Valley Copper leach plant capacity will be underutilized in the near 
future as shown in Figure 5-1 above.  This presents a great opportunity: maximize 
utilization of processing capacity to generate profits from toll leaching at HVC.  
However, the company needs to have equipment and processes in place by 2013 in order 
to take full advantage of this opportunity.  Hence, there is some urgency in implementing 
this change. 
5.1.2.2 Forming a Powerful Guiding Coalition 
Change needs people.  Even though a company may do an excellent job with 
developing and communicating a clear vision, no change will occur unless the change is 
initiated and managed.  This requires a powerful team, or “guiding coalition” as Kotter 
(2007) calls it, to be formed of people with power in terms of: titles, information and 
expertise, as well as reputation and relationships. 
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Once the sense of urgency has been established, a team to evaluate the business 
opportunity should be deployed to ensure that this opportunity is evaluated against other 
opportunities that Teck has to invest capital. This opportunity evaluation team should 
include members from: corporate business development, marketing, engineering and 
operations.  The purpose of this team is to review the market, establish sources of 
concentrate for the initiative, and to recommend a design capacity for the leach plant 
expansion.  This team should be dedicated to the initiative for a few months in order to 
provide their conclusions to senior management in a timely manner. Pending senior 
management’s approval of the initiative, an implementation team involving marketing, 
engineering, operations and environment can be established to carry on with the 
implementation of the project.   
5.1.2.3 Creating a Vision 
The coalition will be significant a significant contributor in the process of creating 
the vision. The purpose of a vision statement is to be able to easily communicate a 
“picture of the future” which appeals to customers, stockholders, and employees (Kotter, 
2007).  Several academic authorities on the issue of strategy (Collis & Rukstad, 2008; 
Kotter, 2007; Porter, 1996) highlight the importance of establishing a vision or strategy in 
order to guide the organization. At present, the vision statement for this change process is 
simply to “maximize utilization of processing capacity to generate profits from toll 
leaching at HVC.” 
Critical elements of an effective strategy statement according to Collis and 
Rukstad are: “objective, scope and advantage” (2008: 2). The present vision statement, 
“maximize utilization of processing capacity to generate profits from toll leaching at 
HVC,” includes elements of objective and scope, but needs further development in the 
area of defining competitive advantage. The objective part of the statement needs to be 
specific, measurable and time bound (Collis & Rukstad, 2008: 4).  I argue that the 
statement is specific in that it conveys the message that HVC is considering toll leaching, 
and not flotation or roasting, as a way to generate additional revenue. It is possible to 
measure whether profits are generated, but the existing statement does not clarify a target 
for profits from this initiative. However, since additional revenue generated will fluctuate 
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based on the mine plan, a better measure of success would be the utilization of the 
processing capacity.  A better way to address the measurability issue within the 
statement, and therefore clarify its message, would be to have “100% utilization of 
processing capacity in order to generate profits…”  Another critical clarification for the 
coalition to make would be to establish a time-frame for the vision. An appropriate time 
frame for the project might be to ensure “100% utilization of processing capacity  
by 2013.”  This would communicate the need to establish systems and equipment 
upgrades by 2013 when the mine expects to have the lowest utilization of plant capacity 
if toll leaching is not implemented. 
Three areas need to be considered when looking at scope as the second element of 
an effective strategy: “customer or offering, geographic location and vertical integration” 
(Collis & Rukstad, 2008: 4). It has already been established that further vertical 
integration is not desirable so for the Highland Valley Copper toll leaching initiative, 
geographic location and customers are of concern. The definition of who will be the 
customers for toll leaching needs to be established by the coalition investigating the 
business opportunity.  Will HVC leach only moly concentrates from other Teck 
properties, or will they offer toll leaching to any company willing to pay for the service? 
Or, will the toll leaching opportunity be pursued in order to lower capital cost investment 
required for a new mine start up in the region, Schaft Creek for example. This 
clarification at the beginning of the project will allow the business development team and 
marketing team to focus their efforts on the customers that will actually be involved with 
the toll leaching initiative. 
The third and most critical component of a strategy statement should address the 
advantages of the firm. Two parts make up the advantage component of the statement: 
“the customer value proposition” and the activities or combination of activities that the 
company alone can provide to the customer value proposition (Collis & Rukstad,  
2008: 5). What makes Highland Valley Copper attractive to customers is the additional 
capacity and technical capabilities to produce a high quality of moly concentrates through 
leaching. The additional capacity suggests to customers that they may not need to invest 
additional capital to build their own leaching facility.  The technical capabilities would 
also be attractive to the customer: human resources are scarce in the mining industry, and 
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there are fewer people involved with leaching processes than with flotation. It would be 
easier for new mines to use toll leaching as a method to improve quality than to try to 
find the technical resources necessary to build and operate the process efficiently. So, it is 
important to include the aspect of improved quality and technical capabilities in the 
strategy statement. Thus, the revised vision statement, including all of the above 
components, would read like this: “100% utilization of leaching processing capacity at 
HVC by 2013 in order to upgrade the quality of Teck’s (or regional) moly concentrates 
through toll leaching.” One of the deliverables from the coalition investigating the 
business opportunity would be to further clarify the vision statement. 
5.1.2.4 Communicating the Vision 
Kotter (2007) also highlights “under-communication of the vision by a factor of 
ten” as another error companies often make. However, until senior management has 
approved the initiative, I believe communication of the initiative should not be 
widespread.  After approval, the initiative’s vision and implementation plan can be 
communicated throughout the company via company newsletters, at production meetings, 
as presentations at technical conferences, and through many other avenues. The initiative 
can be communicated externally through news releases, conversations with potential 
customers, and at technical conferences.  In this way, both employees and potential 
customers could understand the vision and how they might benefit from the toll leaching 
initiative.  
5.1.2.5 Empowering Others to Act on the Vision 
There are a few objectives of this step in the change process: removing obstacles 
to change, changing systems and structures that undermine the vision, and encouraging 
risk taking and non-traditional ideas, activities and actions (Kotter, 2007:99). With 
respect to toll leaching at Highland valley Copper, removing obstacles and changing 
systems and structures are important steps in order for the vision to be implemented 
successfully. 
Several obstacles in the path towards successful implementation can be 
anticipated. The first obstacle to overcome is the ability to measure and communicate the 
utilization metric.  There may be differing opinions regarding how to calculate this 
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metric, but it is critically important to come to consensus on the definition.  The second 
challenge is being able to collect the right information in order to accurately calculate 
utilization.  Establishing the actual operating capacity of the plant, as it exists at this time, 
is required in order to establish the theoretical maximum capacity.  This may require 
more detailed study of the leach plant processes, perhaps including another time study of 
existing processes, now that some equipment has been replaced.  The higher production 
levels in 2011 should allow for a more reliable evaluation of plant capacity; it is expected 
that there will be periods in 2011 when the plant is not limited by feed stock availability. 
In this way, it may be possible to monitor production on a weekly basis during these 
periods in order to establish maximum theoretical capacity.  
Another obstacle is environmental concern.  If we are treating concentrates with 
higher levels of impurities, what happens to those impurities? Are they discharged on 
site? Do they stay with the concentrate and get shipped to the smelters? Are we 
increasing our discharge of any air or water contaminants? Do we need to amend any 
environmental permits in order to accommodate this expanded production capacity? This 
is why the environment and technical departments need to be involved from the 
beginning in order to provide accurate information regarding the permitting process. It 
would be too easy for the naysayer to shoot down the project on the basis of 
environmental concerns, whereas the right players may be able to provide adequate 
information up front regarding the circumstances under which we could obtain 
permitting.  
Health and safety are other concerns, especially with operators. It is important to 
understand the source of additional concentrates before project implementation. If the 
additional concentrates sourced are expected to be higher in contaminants than existing 
HVC concentrates, it is important to identify what those contaminants may be and 
establish what safety precautions are required for handling concentrates with these added 
contaminants.  Additionally, technical personnel should research these contaminants and 
the potential effects they may have on the process.  If any mitigation measures can be 
applied, these should be identified in advance. Also, methods established to measure 
contaminants and address any process changes required to manage them. Concerns 
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regarding safety need to be addressed quickly and effectively through communication so 
that the project does not become unnecessarily delayed. 
The process also needs to be altered in order to accommodate toll leaching. 
Additional equipment is needed in order to facilitate material handling. Also, 
metallurgical accounting policies and procedures need to be reviewed and changed to 
accommodate external concentrates. Operational procedures need to be changed, and 
operators will need training and supervision with the new procedures. In order to ease the 
transition to toll leaching, it would be wise to involve the pant operators in the design of 
the additional equipment and with creation of these new procedures. This should improve 
buy-in from the operators and improve the chances of success for the vision. 
Toll leaching adds complexity to the existing operation. Resources from the 
maintenance, operations, material management, technical and marketing departments 
would be required on a continuous basis in order to support the toll leaching process. It 
may be necessary to make new sections within existing departments, or a new department 
entirely, in order to establish the leach plant as a separate section and ensure that all the 
resources required are dedicated to the vision. For example, the Operations department 
already has sub sections dedicated to the leach plant, and each sub section reports to a 
different supervisor. If toll leaching is implemented, it may be necessary to consolidate 
the crews and appoint another operations supervisor to manage all the operations 
personnel in the leach plant. A plan for how the resources would be allocated and 
structured should be established by the guiding coalition prior to the design and 
construction phase of the project.  
5.1.2.6 Planning for and Creating Short-Term Wins 
One way to identify more of these obstacles to implementation, as well to create a 
“short-term win,” would be to run a pilot trial.  Since the entire change process could take 
a couple of years, from the formation of a coalition to when the organization is 
successfully toll leaching for a period of time, it is important to maintain a sense of 
urgency to ensure employees are committed to the vision. Without creation of  
“short-term wins,” the toll leaching initiative risks losing momentum.  The pilot trial of 
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leaching another operation's concentrates at HVC is one way to demonstrate the 
company’s commitment to the initiative, and to get employee’s involvement in the vision. 
Before the pilot trial, a document should be drafted as to how the material will be 
managed including sections on: metallurgical accounting, financial accounting, 
measuring quality, determining efficiency of the leaching process on the new concentrate, 
material handling, additional safety measures required, any special technical notes from 
the metallurgy department regarding treatment of the concentrate, and designating who 
will be the contact person for managing the trial.  Afterwards, the trial manager should 
summarize the experience in a “lessons learned” document establishing what policies and 
procedures need to be adjusted in order to make the change from a pilot scale toll leacher 
to becoming a full time toll leacher.  Additionally, a one page document or flyer should 
be distributed throughout the company and corporation to identify and celebrate the trial 
as a success, as well as to communicate management’s vision for becoming a toll leacher 
of molybdenum concentrate. 
5.1.2.7 Consolidating Improvements and Producing Still More Change 
& Institutionalizing New Approaches 
Step 7 and 8 in Kotter’s (2007) guide to transforming your organization are 
consolidating improvements and producing still more change and institutionalizing new 
approaches. “Consolidating improvements and producing still more change” involves 
further changing systems and structures, hiring, promoting and developing employees 
who can implement the vision, and reinvigorating the process with new projects, themes 
and change agents. “Institutionalizing new approaches” involves expressing and 
developing the connections between new behaviours and corporate success as well as 
leadership development and succession planning (Kotter, 2007: 99). 
It is a natural fit for the trial manager to become a change leader for the vision. 
This change leader will be instrumental in maintaining the sense of urgency needed for 
implementing the vision, for creating short-term wins, as well as in institutionalizing the 
new policies and procedures as learned during the pilot process. As such, it makes sense 
to consider selection of the trial manager carefully; this person should be identified as 
having the knowledge and background to be able to manage change.  If a new and 
 58 
separate department or section is required in order to manage the more complex toll 
leaching process, then this trial manager should become part of the new section’s 
management team.  
In conclusion, the proposed strategy for implementation is as follows: 
1. Measure and communicate leach plant utilization – establish urgency 
2. Develop team to evaluate business opportunity, source concentrates and 
present to senior management 
3. Obtain senior management’s approval to proceed 
4. Run pilot trial of toll leaching 
5. Communicate results of trial 
6. Begin engineering and construction process to install additional capacity 
7. Establish new department if required, along with policies and procedures 
in conjunction with safety representatives 
8. Measure performance and communicate success 
Ideally, the construction would be complete by 2013, to coincide with HVC’s low moly 
production period so that utilization of leach plant capacity can be maximized. 
5.1.3 Future Opportunities 
Since global moly roasting capacity may be in short supply in the foreseeable 
future, investigations into the feasibility of establishing a moly roasting facility near 
upcoming mine supply may be attractive.  Teck has the technical capabilities, developed 
through years of operating a pyrometallurgical facility in Trail British Columbia, to be 
able to safely build and operate a roasting facility.  The ideal location for a new roasting 
facility would be near a new mining project that plans to produce moly concentrate, or 
close to an end use market that expects to grow significantly.  Building a roaster in  
South America where Teck also has experience operating in the political and social 
climate makes more sense than building a roaster at Highland Valley Copper.  There are 
more mines opening in South America, and a higher demand growth projection for 
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molybdenum, in the South American region than in the North American region. 
However, project development resources within Teck are limited. As such it is necessary 
to consider the overall value of exploiting this roasting opportunity against other projects 
such as mine development.  Nevertheless, I believe Teck has the capacity and capability 
to enter the roasting market by building and operating a roasting facility in the event that 
roasting capacity becomes so constrained that Teck has difficulty in marketing its product 
externally. 
5.1.4 Conclusion 
Failing to consider the opportunity for creating additional value through Highland 
Valley Copper’s leaching capabilities would be a mistake.  Management at HVC should 
include the leach plant utilization metric in monthly performance reports in order to raise 
awareness and initiate discussions regarding this opportunity.  Failing to create this sense 
of urgency in 2011 will mean that construction of the expanded leach facility will not be 
completed in advance of low moly throughput period beginning in 2013.  This lost 
potential can be communicated in terms of underutilization of the leach plant capacity 
and in terms of revenue potential lost. The exact value of the lost potential can only be 
established once further work is completed, but it would be on the order of hundreds of 
millions of dollars. 
Also of significance is the conclusion that a flotation only process is not worth 
further investigation from the standpoint of trying to achieve a saleable grade of 
molybdenum concentrate. Further investment into additional flotation capacity for copper 
molybdenum separation should be done under the pretext of increasing copper production 
instead. The concept of potentially eliminating the leach plant has already been discussed 
with HVC employees; it will be necessary to embark on a communications campaign to 
establish the new vision of HVC becoming a toll leacher. However, this campaign should 
only begin after a dedicated team presents a plan and gets senior management approval 
for the following questions: where will we source concentrates from, and to what 
capacity will the expanded leach plant will be designed? Communication regarding the 
vision is critical, but it is just as important to follow up the vision with actual 
implementation of the change. The implementation will help maintain the enthusiasm 
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required to effectively execute the change from solely processing HVC to becoming a toll 
leacher.   
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Appendices 
Appendix A 
 
LME Molybdenum Physical Specification (MO) 
 Lot size of 6 tonnes of molybdenum delivered in 10 tonnes of 
roasted molybdenum concentrates (RMC)  
 Permissible variance of 5% of the 6 tonne lot size or between 57 to 63 percent, or 
5,700-6,300 kilograms (kg)  
 Deliverable in 200 or 250kg drums  
 Impurity levels:  
o Copper (0.50%)  
o Sulphur (0.10%)  
o Carbon (0.10%)  
o Phosphorous (0.05%)  
o Lead (0.05%)  
The product is delivered in drums of RMC. Of each drum delivered and stored in 
warehouse, only around 60 percent of the drum, or 6 tonnes, has any value, which is the 
molybdenum contained in the RMC. LME warehouse stocks will report only the 
molybdenum content of the material in storage. Rent will be payable on the entire RMC 
in storage.  
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Appendix B 
 
 
Operating Costs 
Fraction of Costs Attributable 
to Leach Plant 
 Worst Case Best Case 
Operating 0.80 0.66 
Carbon Dioxide 0.00 0.00 
Chlorine 1.00 1.00 
Caustic Soda 0.80 0.50 
Defoamer (Aerodri) 1.00 1.00 
Hydrochloric Acid 1.00 1.00 
Fuel Oil 0.00 0.00 
Misc. Reagents 1.00 0.80 
Packing/Shipping 1.00 1.00 
Natural Gas 1.00 1.00 
Nitrogen Gas 0.00 0.00 
Power 0.70 0.40 
Regrind Media 0.00 0.00 
NaHS 0.00 0.00 
   
Maintenance costs   
Boilers & Columns 0.90 0.70 
Flotation 0.00 0.00 
Liners 0.00 0.00 
Packing 1.00 1.00 
Piping 0.80 0.50 
Pumps 0.80 0.50 
Reactors 1.00 1.00 
Regrind Mill 0.00 0.00 
Screw Conveyors 0.90 0.80 
Vessels 1.00 1.00 
General 
Maintenance 0.75 0.50 
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Appendix C 
 
 
Copper   
   
Company 2009 sales (kt) Market Share 
Freeport McMoran           1,865  18% 
 Codelco           1,700  16% 
 Xstrata             907  9% 
 Rio Tinto              805  8% 
 Anglo American             670  6% 
 BHP Billiton             560  5% 
 Antofagasta             443  4% 
 KGHM Polska Miedz             439  4% 
 Grupo Mexico             432  4% 
MMC Norilsk Nickel             402  4% 
Other           2,258  22% 
World Production (excl. China) 10,480 100% 
   
Source: USGS Mineral Commodity Summary 2010, Copper & company annual reports 
   
Nickel   
   
Company 
Output 
(tonnes) 
market Share 
MMC Norilsk Nickel       347,672  26% 
BHP Billiton       118,100  9% 
Vale         98,707  7% 
Xstrata         88,577  7% 
Eramet         52,200  4% 
Sumitomo Metal Mining         49,158  4% 
Anglo American         38,406  3% 
Sherritt International         33,600  2% 
Minara Resources         32,977  2% 
LARCO 10,000 1% 
Other       476,303  35% 
World Production (excl. China) 1,345,700 100% 
   
Source: USGS Mineral Commodity Summary 2010, Nickel; Steelguru; company annual 
reports &  Reuters 
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Appendix D 
MOLYBDENUM: WORLD MINE PRODUCTION, BY COUNTRY
1, 2
 
United States Geological Survey; 2008 Yearbook, 2011 Mineral Commodity Summary 
(Metric tons of contained molybdenum) 
  2008 Yearbook 2011 Mineral Commodity Summary 
Country
3
 2004 2005 2006 2007 2008 2009 2010 Reserves (000's) 
China 38,500 40,000 43,900 66,700 81,000 93,500 94,000 4,300 
United States 41,500 58,000 59,800 57,000 55,900 47,800 56,000 2,700 
Chile 41,883 48,041 43,278 44,912 33,687 34,000 39,000 1,100 
Peru 14,246 17,325 17,209 16,737 16,721 12,300 12,000 140 
Canada 9,519 7,667 7,117 6,819 7,724 8,840 9,100 200 
Mexico 3,730 4,246 2,519 6,159 7,812 7,800 8,000 135 
Armenia 2,950 3,000 3,900 4,080 4,250 4,150 4,200 200 
Russia 2,900 3,000 3,100 3,300 3,600 3,800 3,800 250 
Iran 1,800 2,476 2,500 3,600 3,800 3,700 3,700 50 
Mongolia  1,141 1,188 1,404 1,978 2,000 3,000 3,000 160 
Kazakhstan  230 230 250 400 400 380 400 130 
Uzbekistan 500 575 600 600 500 550 550 60 
Kyrgyzstan 250 250 250 250 250 250 250 100 
Total (rounded) 159,000 186,000 186,000 213,000 218,000 220,000 234,000   
eEstimated. pPreliminary. rRevised. 
1World totals, U.S. data, and estimated data are rounded to no more than three significant digits; may not add to totals shown. 
2Table includes data available through June 15, 2009. 
3In addition to the countries listed, North Korea, Romania, and Turkey are thought to produce molybdenum, but output is not  
reported quantitatively, and available general information is inadequate to make reliable estimates of output levels.  
4Reported figure. 
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Appendix E 
 
Active Projects, Including Expansions Production (thousand metric tonnes content) 
  2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 
China China 93.5 94.0 97.8 101.7 105.7 110.0 114.4 118.9 123.7 128.6 133.8 139.1 
Erdenet-Oovo                                  Mongolia 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
 Asia 96.5 97.0 100.8 104.7 108.7 113.0 117.4 121.9 126.7 131.6 136.8 142.1 
Iran Iran 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 
 Middle East 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 
Almalyk 
Complex                               
Almalyk 
Mining and 
Metals 
Combine 
0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
Shorskoye                                     Kazakhstan 0.4 0.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Kyrgyzstan Kyrgyzstan 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
Russia Russia 3.7 3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 
 
Former 
Soviet Union 
4.8 5.3 5.7 5.9 6.1 6.3 6.5 6.7 6.9 7.1 7.3 7.5 
Armenia 
Cronimet, 
GeoProMining 
Ltd 
4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Aitik                                         Boliden AB 0.3 0.3 0.3 0.3 0.3 0.5 0.6 0.6 0.6 0.6 0.6 0.6 
 Europe 4.3 4.3 4.3 4.3 4.3 4.5 4.6 4.6 4.6 4.6 4.6 4.6 
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Active Projects, Including Expansions (cont.) Production (thousand metric tonnes content) 
  2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 
Andina Division                               Codelco 2.2 2.8 2.8 2.8 2.8 2.8 2.8 3.8 5.1 5.1 5.1 5.1 
Codelco Norte                                 Codelco 13.1 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 
Collahuasi                                    
Xstrata Plc ; Anglo American 
plc ; Mitsui 
2.5 3.5 3.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 
El Teniente                                   Codelco 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 
Esperanza                                     Antofagasta plc 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 
Los Bronces                                   Anglo American plc 1.3 1.3 1.3 2.0 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 
Los Pelambres                                 Antofagasta plc 7.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 
Minera Valle Central                          Amerigo Resources Ltd 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
Salvador Division                             Codelco 1.1 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 
 Chile 35.5 42.4 42.4 44.1 44.9 44.9 44.9 45.8 47.1 47.1 47.1 47.1 
Antamina                                      
BHP Billiton Group ; Xstrata 
Plc ; Teck Resources Ltd, 
Compania Minera Antamina 
SA 
2.5 3.5 4.0 4.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
Cerro Verde                                   
Freeport-McMoRan Copper 
and Gold Inc ; Sumitomo  
0.9 3.2 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 
Cuajone                                       Grupo Mexico 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 
Toquepala                                     Grupo Mexico 3.6 4.1 4.7 5.2 5.8 6.4 6.4 6.4 6.4 6.4 6.4 6.4 
 Peru 12.3 16.1 17.6 18.6 19.7 20.3 20.3 20.3 20.3 20.3 20.3 20.3 
Mexico                           
La Caridad                                    Grupo Mexico 9.8 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 
 Mexico 9.8 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 
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Active Projects, Including Expansions (cont.) Production (thousand metric tonnes content) 
  2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 
Endako                                        Thompson Creek Metals  4.5 4.5 5.0 6.8 7.2 7.2 4.5 4.5 4.5 4.5 4.5 4.5 
Highland Valley                               Teck Resources  3.0 2.6 4.1 3.1 2.2 1.6 2.8 3.5 4.5 3.9 2.7 2.6 
Max Moly                                      Roca Mines Inc 1.8 0.5 2.0 2.0 2.0 2.0 1.4 1.4 1.4 1.4 1.4 1.4 
Gibraltar                                     Taseko Mines 0.3 0.5 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 
Huckleberry                                   Imperial Metals Corp 0.01 0.04 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 Canada 9.54 8.08 11.55 12.47 12.01 11.41 9.25 9.95 10.95 10.35 9.15 9.05 
Henderson                                     Freeport-McMoRan  12.2 13.5 15.8 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 
Bingham Canyon                                Rio Tinto plc 11.3 12.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 
Sierrita                                      
Freeport-McMoRan Copper and 
Gold Inc 
8.6 8.2 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 
Thompson Creek                                Thompson Creek Metals Co Inc 8.1 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 
Continental Grupo Mexico 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 
Bagdad                                        Freeport-McMoRan  4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 
Mineral Park                                  Mercator Minerals  0.7 2.0 2.5 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 
Ashdown                                       Win-Eldrich Mines  0.5 0.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Morenci                                       Freeport-McMoRan  0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
Questa                                        Chevron Corp 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Pinto Valley 
Division                         
BHP Billiton Group 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 United States 50.1 55.3 60.4 64.2 64.2 64.2 64.2 64.2 64.2 64.2 64.2 64.2 
 World Total 225.9 241.5 255.8 267.4 273.0 277.5 280.1 286.5 293.8 298.3 302.5 307.9 
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Advanced Projects Production (thousand metric tonnes content) 
Project Owner Country 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 
Caserones                                     
Pan Pacific Copper Co 
Ltd 
Chile 0 0 0 0 2.25 3 3 3 3 3 3 3 
Quebrada 
Blanca                               
Teck Resources Ltd ; 
Sociedad Minera 
Pudahuel 
Chile 0 0 0 0 0 0 0 0.9 3.6 3.6 3.6 3.6 
Constancia                                    Norsemont Mining Inc Peru 0 0 0 0 0 0 1.5 1.5 1.5 1.5 1.5 1.5 
Las Bambas                                    Xstrata Plc Peru 0 0 0 0 0 2.5 5 5 5 5 5 5 
Tintaya                                       Xstrata Plc Peru 0 0 0 0 0.225 0.75 0.75 0.75 0.75 0.75 0.75 0.75 
NMC 
Moland                                    
NMC Resource Corp 
South 
Korea 
0 0.375 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0 0 0 
Chino/Cobre                                   
Freeport-McMoRan 
Copper and Gold Inc 
United 
States 
0 0 0 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 
Climax                                        
Freeport-McMoRan 
Copper and Gold Inc 
United 
States 
0 0 0 0 0 0 13.6 13.6 13.6 13.6 13.6 13.6 
  Total 0 0.375 0.5 0.87 3.345 7.12 24.72 25.62 28.32 27.82 27.82 27.82 
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Feasibility Projects  Production (thousand metric tonnes content) 
Project Name Owner 1 Country 2012 2013 2014 2015 2016 2017 2018 2019 2020 
Kalkaroo                                      Havilah Resources NL Australia 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 
Kingsgate                                     Auzex Resources Ltd Australia 0.0 0.0 0.0 0.0 0.8 0.8 0.8 0.8 0.8 
Molyhil                                       Thor Mining plc Australia 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.4 0.4 
Spinifex Ridge                                Moly Mines Ltd Australia 0.0 1.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 
Yandera                                       Marengo Mining Ltd 
Papua New 
Guinea 
0.0 0.0 0.9 1.8 1.8 1.8 1.8 1.8 1.8 
Malmbjerg                                     International Molybdenum plc Greenland 0.0 0.0 0.0 5.2 10.4 10.4 10.4 10.4 10.4 
 Oceania & Europe 0.7 2.0 7.0 13.1 19.1 19.1 19.5 19.5 19.5 
Agua Rica                                     Yamana Gold Inc Argentina 0.0 0.0 0.0 0.0 0.0 7.2 7.2 7.2 7.2 
El Pachon                                     Xstrata Plc Argentina 0.0 0.0 0.0 0.0 1.4 1.4 1.4 1.4 1.4 
Cobre Panama                                  Inmet Mining Corp Panama 0.0 0.8 3.2 3.2 3.2 3.2 3.2 3.2 3.2 
Galeno                                        China Minmetals Corp Peru 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 
Magistral                                     Government of Peru Peru 1.4 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 
Quellaveco                                    Anglo American plc Peru 0.0 0.0 0.0 4.5 4.5 4.5 4.5 4.5 4.5 
Rio Blanco                                    Monterrico Metals plc Peru 1.1 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 
Toromocho                                     Aluminum Corp of China Ltd Peru 0.0 1.3 5.2 5.2 5.2 5.2 5.2 5.2 5.2 
   South America 4.8 9.4 15.7 20.2 21.6 28.8 28.8 28.8 28.8 
Creston                                       Creston Moly Corp Mexico 0.0 0.0 0.0 0.0 8.1 10.8 10.8 10.8 10.8 
Davidson                                      Thompson Creek Metals Canada 0.0 0.0 0.0 0.0 0.9 1.8 1.8 1.8 1.8 
Kitsault                                      Avanti Mining Inc Canada 0.0 0.0 10.1 13.4 13.4 13.4 13.4 13.4 13.4 
MacLeod Lake                                  Western Troy Capital Resources  Canada 0.0 0.0 0.0 0.0 0.4 1.6 1.6 1.6 1.6 
Morrison                                      Pacific Booker Minerals Inc Canada 0.0 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
Ruby Creek                                    Adanac Molybdenum Corp Canada 0.0 0.0 0.0 0.0 3.0 5.9 5.9 5.9 5.9 
Schaft Creek                                  Copper Fox Metals Inc Canada   2.6 5.1 5.1 5.1 5.1 5.1 5.1 
Mount Hope                                    General Moly Inc United States 0.0 0.0 13.6 18.2 18.2 18.2 18.2 18.2 18.2 
Rosemont                                      Augusta Resource Corp United States 0.0 1.4 1.9 1.9 1.9 1.9 1.9 1.9 1.9 
   North America 0.0 1.6 25.8 33.7 46.1 53.8 56.4 58.9 58.9 
  World Total 5.5 13.1 48.5 67.0 86.7 101.6 104.6 107.1 107.1 
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Appendix F 
 
World Moly Roaster Capacity      (in millions of lbs) 
 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 
Asia               
China  227  227  249  249  249  249  249  249  249  249  249  249  249  249  
Iran 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
Japan 3 3 3 3 3 3 3 3 3 3 3 3 3 3 
Kazakhstan 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
Mongolia 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 
South Korea 8 8 13 14 14 14 14 14 14 14 14 14 14 14 
Uzbekistan 4 4 4 4 4 4 4 4 4 4 4 4 4 4 
 Asia  
       
257  
       
257  
       
284  
       
285  
       
285  
       
285  
       
285  
       
285  
       
285  
       
285  
       
285  
       
285  
       
285  
       
285  
Europe               
Armenia 9 9 10 10 10 10 10 10 10 10 10 10 10 10 
Belgium 24.5 24.5 24.5 24.5 24.5 24.5 24.5 24.5 24.5 24.5 24.5 24.5 24.5 24.5 
Estonia 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 
Netherlands 25 25 25 25 25 25 25 25 25 25 25 25 25 25 
Russia 14.6 14.6 14.6 14.6 14.6 14.6 14.6 14.6 14.6 14.6 14.6 14.6 14.6 14.6 
Europe 
         
73  
         
73  
         
74  
         
74  
         
74  
         
74  
         
74  
         
74  
         
74  
         
74  
         
74  
         
74  
         
74  
         
74  
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World Moly Roaster Capacity (cont.)   (in millions of lbs) 
  2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 
North America               
Canada Endako 15 15 15 15 15 15 15 15 15 15 15 15 15 15 
 Endako Expansion 0 0 0 6 6 6 6 6 6 6 6 6 6 6 
 Canada 20 20 15 35 35 35 35 35 35 35 35 35 35 35 
                
Mexico Molymex 22 22 22 22 22 22 22 22 22 22 22 22 22 22 
 Mexico 22 22 22 22 22 22 22 22 22 22 22 22 22 22 
                
USA Bingham Canyon 0 0 0 0 0 30 30 30 60 60 60 60 60 60 
 Fort Madison 42 42 42 42 42 42 42 42 42 42 42 42 42 42 
 Langeloth 35 35 35 35 35 35 35 35 35 35 35 35 35 35 
 Mount Hope 0 0 0 0 0 0 0 0 46 46 46 46 46 46 
 Sierrita 19 19 19 19 19 19 19 19 19 19 19 19 19 19 
 USA 96 96 96 96 96 126 126 126 202 202 202 202 202 202 
 North America 138 138 133 153 153 183 183 183 259 259 259 259 259 259 
South America               
Chile Altonorte 12 12 12 12 12 12 12 12 12 12 12 12 12 12 
 Altonorte Expansion 0 0 0 16 16 16 16 16 16 16 16 16 16 16 
 Chuquicamata 20 20 21 21 21 21 21 21 21 21 21 21 21 21 
 
Mejillones - 
Codelcon 0 0 0 0 0 26 26 26 26 26 26 26 26 26 
 Mejillones - Molymet 0 0 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 33.5 
 NOS 70 97 97 97 97 97 97 97 97 97 97 97 97 97 
 Chile 102 129 164 180 180 206 206 206 206 206 206 206 206 206 
 South America 102 129 164 180 180 206 206 206 206 206 206 206 206 206 
  World Total 
     
571  
     
598  
     
655  
     
692  
     
692  
    
748  
     
748  
     
748  
     
824  
     
824  
     
824  
     
824  
     
824  
    
824  
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Appendix G 
 
Current Leach Plant Capacity  
Short tons concentrate per day 22.5 
Days in year 365 
Availability 90% 
Short tonnes concentrate per year 7391 
Grade of concentrate treated 48.5 
short tonnes of moly per year 3585 
Pounds of moly per year 7,169,513 
  
Expansion Capacity  
Short tons concentrate per day 40 
Days in year 365 
Availability 90% 
Short tonnes concentrate per year 13140 
Grade of concentrate treated 48.5 
short tonnes of moly per year 6373 
Pounds of moly per year 12,745,800 
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